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This includes various schists, of i^hich chloriiic schist, micj tchist, hornblende 
schist, and hornblende rocks are the principal. I’hesc rocks are mostly of dark 
green, bluish green, and dark blue, almost black colour, which makes them very 
conspicuous wherever they outcrop. They have evidently been much altered by 
great pressure, and it is not uncoinmon to find schists which ha\e assumed a highly 
trappoid appearance, as may be seen in the instance of the Parasi hill. My time was, 
however, too limited to enable roe to study the structure of the metamorphic rocks 
and their connection with the gneissic formation in detail. But from what 1 have 
seen, 1 believe they form two main folds represented by the northern and southern 
branch of the main hill ranges, which arc enfolded in the gneissic formation in sucii 
a way that the latter a]ipears again between the two ranges. Ihe accompanying 
iliagraraatic section / Plate 11) will illustrate this relation of the two series. 

In their various stales of development the transition rocks form the main hill 
ranges, as described in part 1 ol this paper 

In close connection w'ith and cutting through these rocks are veins, of which 
two groups may be distinguished. 

The hist group represents dykes, probablv of diontc, the second quartz veins. 
I'he dionte <lykes are less numerous than the quartz veins; these, however, cut 
through the schists in e\ejy direction. I could not, however, ascertain whether one 
dtrection is prevailing. 

There die two different \arictjcs of quartz; the first and more common one 
amorphous, of a perfectly white colour and not honeycombed. It may be met with 
everywhere in the area of the mttimoiphic rocks and is very common amongst 
rhe pebbles of the ri\ei-gra\elb. The second vanet) is cr\sulline, and looks like 
n bnccia, as it consisis of numerous single crystals cemented together in the same 
direction,— that is to say, with their pri'^raalic sides, the shape of the single crystals 
however, being much deformed. A piece of such quartz affords therefore a highly 
chaiactenslic appearance, which cannot be raistiken The quartz is semi-lucid, of 
brown or reddish-browm colour, the lines of junction between the single crystals 
t»eing sometimes filled out with a red stuff, probably hydroxide of iron. This 
quartz is honeycombed, and contains frequently a black mineral, probably tourmaline. 

This variety I only noticed in the Sunapei valley near the village of Roladih ; 
as, however, it was nearly perfectly concealed by debris, I am unable to say whether 
It forms a regular vein, or only a lenticular-shaped mass imbedded in the surround- 
ing strata. It is also an open question whether it belongs to the transition or 
gneissic formation ; 1 feel, however, inclined to adopt the latter view. 

In neither variety of quartz could I find gold ; *Tnd unless further discoveries 
prove the actual existence of gold-bearing quartz, the question nf the cMstence of 
such reefs must remain doubtful. At any rate, the prescMil cxaminaiions have not 
yielded such information as to prove the existence of .‘•urderous reefs. 

3* he alluvial </r/^w/r.-^The alluvial deposits, which arc more or less de\e- 
oped all over the country, arc of two different kinds : different as icgauls the way in 
w iich they have been formed, different also ns to their appearance. 1 1 ev arc the 
lollowmg ones . 

(tf) Red clay, including laicnic. 

(^0 River sandi. and gravels. 



76 


Retouis of the Geological Suivev oj India [\0L XMil 


(<j) Rid clay , — The red cla> is !he lesnlt of the superficial disintegration of 
chiefly the gneissic formation I do not doubt that the di'‘inttgiaiion of the transit 
tioa rocks will result in a similar product, but the typical red clay is only well seen 
there where the tjneissic formation is to be fi iind undtineaih. 1 1 c red clay is rathei 
tough, of dark red colour, and contains a higl \ eicentagc of iron, which is frequentb 
concentrated in small nicgular noduK*'. it ficqucnilv nouced that these uodulcs 
are cemented together while the clay has been w iNhcd oft, with the final result ot 
forminjET a bed of latente, as for instai<ce south of lamar If waslicil the red du 
leives a black, heayy fine-grained *5and, in whih oicasionilly a sm ill show ot 
gold mav be found. The red cl ly is well dc\eloped in the northern phins , it is 
also to some degree foul'd m the ^onspet yillcy, where the ikjii ore from it h.is 
formerly been used for snulting purposes. Mv com liision coiuoinini: the prevtnct 
of the gneissa formation in the Sonapet y ilUy is chiclly ill iwii fu m the ex<''lenc( 
of the red cl iv therein dcpositt‘(l '1 he red chy is muLh less developed in the hih 
ranges, although it may bo seen here and there ^ 

(S) R/Zf>f sands and Is,— Ihc n\er studs snd gr ivcls aie cs| ecialU found 
in the \aftey s in various grades of coarsticss Ihey dnefty vor sisi of the debus nt 
sihceous schists and hornblende rocks with numerou', fragments ot while qum/ 
The hnest s^ind is perfeCih biUk, owing to a 1 rgt peicenligc ot nngnctite non ci 
tilanile such smd resembles pcitecth that ob lined by w the r^l clay it 

may be con^^idored as the spv,( ml gold I e^ii i g sind ^aiul ot th s ijual i\ i^ pnrti 
cularl} noticed in the valley, between the and soutlein rmge north ot tl e 

Sonapet valle) , it is aloO noticed in Jl tie snull wiui-courses tiueising’h 
Sonapet valley 

(l>) Praclual Gioh}C!\ The at tnsi dt poufs 

As fir as I am ibif to judge from nn exainin itions, n is only the alhiv al dopes 
which contain gold in anv cjuaniit} to sjoak ot } rorn the two kinds distinguished 
above, the red clav is ver) poor the result ot S' venl hours' w ishmg with about i6 
men was a small sliow of gold. I must mention that I washed at a place which 
hxd been pointed out to me as very rich in go! b 

Belter results are obtained from wa^'hing the nver deposits for gold , iml as 
the«e are especially developed in the Sonap# t and adjoining valleys, it is to this 
locality to which paiticular attention must be drawn It is, however, very diflicult for 
the present to judge as to the quantity of the goUI-bcaring siiids therein deposited 
b'^ciuse the aetuil surface of the locks is very irregular, the deposits may tlieretore 
be thick at one pl^ee, while a few yards distant fiorn it they are reduced to a ttw 
in« hes in thickness But assuming the area ovtr which the gold-bearing allmial 
sands irc di'posiied to be 153 scjuarc miles, and supposing furtlicrlhat tine average 
thickness ,s not more than 3 feet, the total quantity would amount to 1,280 millions 
ot cubic fed , now, supposing that 40 cubic feel of sand aic one ton weight, the 
total quantity would amount to 32 railhon tons, supposing that J million tons would 
be wishMi ever) da), the piobable existing quantity could only be exhausted in 64 

^ Very natura‘’y so, there being little holding ground for such , but it is really not at ah 
clear that thf red ay m the ’ow<»r grounds may not after all have resulted from the disintegra- 
tion of the transuiyi rocks farming those hills.— 
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jearsJ In New South Wales the lowest return of gold in one ton has been 4*34 
grains; now, supposing that the Sonapet sand contains the sanae percentage, the 
annual )ield would amount to about ounces; even if the qiiantit} is reduced 

10 2,500 ounces, the yearly proht would be a considerable one 

The Sonapet gold-beiring strati are theiefore whit is known in the language of 
the gold-mincis as shallow' placers" or shallow diggings , and the stage of exploit*- 
ing them should therefore be adapted according to this wav of occurrence. "Ihe 
l»)draulic way would certain^) be the best, but 1 suppose that it will be \er)r ex- 
pensive. 

(i) The origin of the gold in the Sonapet lalUy , — It is a ver\ geneial be- 
lief that gold which is found in alluvial deposits of a stmm or nv^r must come 
from some rich veins, which ought to be fi und in thdl pirt oi the eountr\ where 
the stream or river lakes its (iigin. It is true, of couise, that the goM must 
(Omc from sonnwheie in the ujipfr ]>arts of such a nver, but it does not 
nceessanl) fo low that it comes from rich veins The gold which is washed out 
of the sand^ 111 llic lower pjU of the nvei was vcr^ likfl\ orgmally disseminated 
through thotiMiuls of tons of locks vvhich have hLCii sKfV\I} but const xnth disiiite- 
gFrited during past ages Tic fnal result of [sueli a long listing process is a 
rchlvch small qiiantuv ol icfusc inwhich ill the htiw miiicrab, or iho'-e v Inch do 
not divintegiatc easih, Inve been conceniiated amongst them the gold first of all. 
"Iheicforo strata which, origin iHv poor in eold, (an prodice deposits coinpiralnely 
rich in gold but if these hive been exhausted, it s ot no use to exploit the* ongiml 
in ilrix 

1 0 ronliim the abo»c I quote hcie such an uithomy as Lock. In his work 
"PiiCticil Gold-miniiig, ’ p ge n6, he savs ‘ In iheseslullow diggings nature has 
tor ages been performing the work for which the quart? miner must invent all 
manner of muhinerv, and emplov d vast amount of cap til and skilled hboiir — the 
disintegration of the goUl-beaiing rock and the conccniraion of the metal, which 
under its oiigmal coiuliiion disscrainaied through ciuirt? cind other haid locks, often 
in invisible proportions, would havc^ needed vast imoiints ot capital and much 
nnehinciv for its elimination, and would m iiuin) cases not have repaid the out! ly 
I think it useful to lug n this parigrtph with such theoretic explanations, because 
1 mi quite sure tint a simdai wav of leasoning wdl appU ni the case of the (ngin of 
the Sonapet rivci gold 1 often he ud the theoi) e\pics*.<.d ilni because iheie at eoin- 
paralivol) iKh alluvul ilepO'*its in the Sonqet vallcM thcie must be rich i]uiitz icefs 
and veins somcwlicie in Uu sm rounding hills. This cIols not follow bv an; mein'^ 
as the reasoning at the beginning of this pnagraph bis shown , it is more hkelv ih a 
the gold IS disseminated in ver) small piopoitions througli the mctam(»rp]iic rocks, 
and that it has been concentrated in the ^onapet valley which foims a kind of natural 
basin. It has been concentiaied here in the same way as tlie golcl-washcr coneen 
trates it artificially in his washing trough the bulk cf the refuse having been 
w'ashed off. 

' 1 here is altogether too much assumption and supposition in this estimate It falls to tlir 
ground on the ajisumption that theie can be gold distributed tliroughout the assumed avoragt 
thickness of three feet, while it would be absurd to think of running a peopled and cuitivatco 
valley through \ gold mill for 4 it the ton o^d’rt A/ 
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Such is my theory about the original matrix of the Sonapct gold ; there may be 
quartz reefs, I will not deny that ; but if they do exist, they have still to be dis- 
covered. At any rate I have not seen them. I examined a locality which had been 
pointed out to me as the outcrop of a rich rock, very carefully. Nor did I notice 
the characteristic and unmistakeable “ blue quartz of the Mysore gold mines. 1 
carefully looked amongst the pebbles in the river-beds for this variety of quartz, but 
1 have never found it ; and feel inclined to doubt its existence, although I will not deny 
it, as the geological conditions are very similar to those of the Mysore mines. 




Field notes ffo/n the Shan HilU {Upper Burma), Frit/. NoK TLING, 
Fh.U., Geological Survey of India, 

Echnosphairites limistone . — When I first visited the outskirts of the Shan 
plateau, east of Mandalay, I was surprised to notice a series of limestones which bore 
the strongest resemblance to certain limestones of the lower Silurian system ot 
Sweden and western Russia. The lithological appeal ance of some of the beds is 
striking; like the cchinosphariUs limestone of the Baltic provinces they are of a 
greenish-grey colour, and even the characteristic rough or, better, honey-combed ap- 
pearance of the upper surfaces of the beds was not wanting in the limestone of the 
Shan hills. Other beds consisted of a red ferruginous, shaly limestone which bore 
the strongest resemblance to the rock forming the boulders of the red orthouras 
limestone found in the diluvial deposits of northern Gcimany. I looked however in 
vain for fossils, and except an indibiinct fragment of the stem of a crumd, I could not 
discover anything else. Now this was certainly not sulTicient to arrive at a conclusion 
as to the age of this limestone series. From a stratigraphical point of view I had 
however formed the idea that this strata must belong to the palaeozoic group, although 
the actual proof of this theory would have been difficult owing to great dislocations 
at the western outskirts of the Shan plateau. 

I have been more fortunate on a subsequent occasion in my search for fossils, 
and although the fossils are not particularly well preserved, being very much dis- 
torted and crushed they are sufficient evidence to settle the question of the age of this 
limestone. A little beyond the 24th mile from Mandalay the road cuts through 
shaly limestone of deep red colour. found in this limestone numerous fragipents 
of fossils, of which I collected and determined the following species. 

Cnnoj'darum sp. indet. No, /.—Occurs as stem fragments up to 35 mm. in length 
and 8 mm. in diameter. It consists of low links of about i, 5 mm. in height, which 
are either smooth or show one or two slight ringlike furrows. The round central 
lube is wide ; in one instance where the diameter is 8 mm. the diameter of the central 
channel is 4 nom. 
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Crinoidnrum sp. Me/* No, 2, — The links of the stem are similar in appearance 
to those of No. 1 ; but instead of being perforated in the centre by a wide round 
channel they are perforated by a nanow channel in the form of a five-rayed star. 

Both specimens are very common cither in isolated links or fragments of the 
stem, but it is only on the weathered surfaces of the beds that they can be well seen. 

Echinospharites Ktngi sp, nov.— A gigantic species of this well-known genus ; one 
of the specimens measuiea 160 ram. in diameter, and allowing for the distortion 
which the specimen had undergone, it certainly must have measured originally not 
less than 80 mm. in diameter. The irregularly polygonal plates and their furrowed 
surface can be well seen, so that there can be no doubt about the identity of this 
huge species. 

Orihoceras sp. xvdtt. — Fragments of an orthoceras belonging to Ihe group of the 
“regulares'’ aie common though much crushed. The chambers are low' and 
numerous; I counted 17 in a fragment of 35 mm. The sipho lies central. Tne 
species reached a considerable length as the fragments preser\ed prove, but better 
material is wanted to make out (he species. These few fossils, however few in 
number and fragmentary they arc, prove certainly the low’er Silurian age of the red 
and greenish-grey coloured limestone. The presence of such a characteristic form 
as an cihinosphitnUs even permits the identification of the exact horizon of the red 
limestone : it is an equivalent 6f the tchmo^phcprites limestone of the Baltic prov- 
inces. It not only contains the same fossils but also strongly resembles the latter 
lithologically. How can we account for such a strange phenomenon as this ? We 
find here a fauna under 22'’ northern latitude which is precisely the same as found in 
ihe Baltic provinces (5g® to 60® N. Lat.), whilst the silurian fauna of the Hiraa- 
lujas approaches much (loser to the Silurians of Central Emo}.e. The fauna of the 
lower Silurians of the Himalayas is as different to that of tlic ?han bills than is the 
siluiian fauna of Bohemia to that of England. It must iheicfore be assumed that 
a branch of the Aictic province of the ocean by which the k wer siluiian beds were 
deposited reached at least to 22® N. of the Indo-Clnnesc peninsula; it is 
even likely that it extended still fuithcr to the south as the limestone beds of the 
Shan lulls are again met with in Tenasserim. I hepe that on my return march I 
shrtll be able to collect some mute fossils trem tins interesting localitv. 


Maich 20th, 
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A description of some new species of Syringosphseridce, with remarks 
upon their structures, &c., hy Professor P. MARTIN DuNCAN, M. B., 
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I. — Introduction. 

I. The Karakoram stones, the Svringosf hirrithE fwbi^^\stx(i somc\\ hat fully do - 
scribed by me in 1878 and the specimens uhith I had then the advantage of 
studying were in fairly good condition. The fossils formed part of the collection ot 
the late F. Stoliczka, Palieontologist to the Yarkand Mission, and indeed wcie 
obtained by him shortly betore his death, from triassic strata in the Kanikoram 
range. 

The collection was forwarded to me for description by the th.n Diiector of the 
Geolooiical Survey of India, H. B. Medlicolt, Esq., F.R.S., through Dr. \V. F. Blan- 
ford, F.R.S, It was understood that the descriptions and plates should form'pait oi 
a volume of the Scientific Results of the second Yarkand Mission to be published by 
the Indian Government as a kind of memorial to F. Stoliezka. The work appeared 
in 1S79, 

A collection of the fossils and several sections of them which \md been studied 
and drawn were placed in the National Collection in England. After I had 
described the hyungosphifridcEy I found to my considerable arino}aiice that I had 
not had all the collection sent to me from Calcutta; but Dr. Blanford was good 
enough to interest himself in the matter, and I was promi.scd the rest of the 
specimens. They arrived after an interval of some years and this communication 
is the result of their study. 

In the interval, some opinions regardingthe affinities of the SyringosphcBrida had 
been promulgated and they weic asserted by some of that modern school which 
criticises and does no original work, to belong to Parktrw ij{ Carpenter and 
Brady. Both were spheroidal and had iubes inside and nodules outside, and there- 
fore they must be the same. At that time I had specimens of calcareous Parhtia 
and it had been shown by Carter that the original condition of Parkerict was not 
'‘arenaceous,” so it was possible to compare the Syringospharida with the gigafttic 
ParkericB. As in the genus Stoliezkaria nob. there are no internal spaces which arc 
so characteristic of Parkeria and as in species of Syringosphmria the number and 
distribution of spaces varies greatly, I began by comparing Stoluzkarta with 



fAKT Duncan; New species of Syringosphserida^, 8f 

parknia and the communication to the Geological Society (Quart. Journal, Geo- 
logical Society, Vol. xxxviii, 1882, p, 69), expUined the distinctness of the tv^o 
groups. 

One good came out of this unnecessary work, and it was the proof that in one or 
two of the figures given in the Memoir on Syringosphccnda^, the intertuhe structure 
had been called tube. The error made no difference to the correctness of the spei ific 
diagnoses, and it is interesting to know that in the specimens lately examined, 
mv very able artist dcc.ded that in plates it an as impossible to say what was tube and 
uhat was intertube. 

In January 18B8, I learned to my great .«;urpTi^e that specimens of the group had 
been sent by Mr. Medhcolt to Dr. H. A. Nicholson, and that this very hard-Nvorking 
palxonlologist was about to publish proofs that the Syr htgo'pha ruler Hydro- 
corail WtS, and that he could show structuics which certainly 1 had not seen or 
figured. The specimens could not haNC fallen into betUr hands than those of my 
friend, but it would have been hfttcr had 1 been infoin ed of the fad, as it will be 
necessary now for me to show (hat Dr. Nicholson might have received some, I trust, 
sati^fadorv enlightenment from me. 

flowcNcr, tlie wished foi specimens came at last, and 1 haNc to thank Dr. Wood 
w«ird, F.R.S., of the Proish Mu'^eurn, for having the requisite thin sections cut and 
the able lapidary of the Museum, for tfie pains he loc»k with the specimens. 

The examiiiati< n of the new specimens brings to light two new species of 
S\'7in(^osphinia, and specimen^ of two established species, 

The structural details aie often beautifull) seen in the sections, and all the state- 
ments I made regarding the nature of the cones of tubes and the inler-conc 
slriKturos, of the lube.s (hemsehes and the inU rtulie, and of the spaces and pores, in 
the Results of the Yarkand i\I]ssi<‘n, itSSg, h(»ld good. Thcie is little to add regard- 
ing th«' morphological elements of the foims, altliough the arrangement of them 
vaiies interestingly. (^ne species, Syfingo^fhuna mtdluotli, links Siohczkaria 
to Syrifigosphirr hi more tlian any other, for the pores and spaces are exceedingly 
lew in number and the conual masKs of n^diating tubes arc well defined. 

As the occasion has not yet arisen, it is not necessary to do more in this com- 
munication than describe* the new species ; but before passing cn, il is advisable to 
refer to a statement involving the genus Hetera^truiiurn^ Reuss. 

II.— On the so-callkd c.FNrs, Hetf.rasiridium, A E. von 

Reuss, 1863. 

The late Prof. A. E. von Reuss was a very accomplished pahrontologist, and the 
numerous species of Jl/aditporat m, loravuniftra, and Bryo^va^ which were studied 
by him, were mosft cnrcfull) desciibed and delineated. He was a Indy scientific 
worker. Piob. bly no one hod a gieatcr knowledge of the mesozoic and teitiary 
Madreporarui than my friend, and 1 ventuic to say that he was much more like' v to 
recognise a Madrepond ihsxi some Puiiish p.alaontologists who, whilst distinguished 
as critics, have never done any oiiginal woik in the gioup. 1 had that belief in von 
Reuss' powers that I did not hesitate to admit JhUrastridium as one of the group 
in W'hich Reuss placed it, and 1 shall require some very definite proofs before I 
believe that the genus refers to the Syringosplucridi^r {noln's). 
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iHeieras&idiunt Was described by von Reuse in Sitzungeb. d, Wien. Akad. 1865, 
Bd. 51, p* 385, PK I-lIK "ihc tide of ihe communication was ** Zwci neue Anthozoen 
aus den Hallstiidter Schichten." 

On p. 390 of this work, Reuss wrote that the fojins belonged without doubt 
(** Keincra Zweifel to the division of Afadnporaria xvi/h pirf orated walls* He 
observed that ■ihe presence of spongy coencnchyma distinguishes the forms from the 
and approaches them to Aladrepota. He remarked^ ^*1 give the genus 
on account of the existence of distinct calices (sternzellen) and of tube cavities, the 
name of HeUrastridiumy 

It is now published, by the latest author upon systematic palteontologv— “ In 1865 
Prof. Reuss published descriptions and figures of some fossils from the Alpine trias» 
for which he had proposed the genciic name of heteriuiriaium. It is clear from 
these that Ileierastridium is very closely allied 10 Shliczkaria, if not absolutely identi- 
cal with it. In case of the identity of these two genera being established, the name 
of Sioliezkaria will have to be abandoi ed in favour of that of lIcicra^tridtMfn.xhi^ 
latter having been published first.” (A Manual of Palaeontology by Nicholson and 
Lydekker, 1889, V. I., p. 237, foot-note.) 

Now 1 beg to differ from Dr. Nicholson, who informed pahcontologists in Jamnry 
1888. in the Annals and Magazine of Natural History, that he was about to prove 
that the Syringospha rider belonged to the Hydrocorallintt of Moseley, and who in the 
interval — for the proofs ha\e not come to light — publishes the foot-note copied above. 

As Dr. Nicholson will publish his proofs. I must wait befoie replying to his state- 
ment that the Synngosphc€ri<t(P are Hydrocoralhna ; but ihe dictum regarding the 
possible alteration of the n.imc of ihc genus 1 named after F, Stoliezka, maybe 
answered and contradicted at once. 

Firstly, Dr. Nicholson has unfortunately mistaken the characters of \\\^ genus 
Stolirzkariaf Dune, tSci. results of the second mission to Yaikand, Synttgosphif- 
rida^ 1879. p. II.) Amongst other characters there given, is tlie negative orie, which 
gives the generic stamp No pores exist.'* Dr. Nicholson has figured a section 
which he considers to irustrafe the minute structure of Sloluzkarta, op, t//., p. 22S, 
fig. 1 1 3, B. and the pores X^pacii) art sun m vtrtical section. It is not a section ol 
a Stoliezkaria, The figure given by the same able author, in illustration of the 
shape and surface of Stoliczkaria granulata. Dune, on Iiis p. 228, fig. 112, is not of 
the species or genus, but is clearly my Syringospharia porosa \ the section I hi\r 
criticised is also a part of a Syringosphccria, 

The reticulate columella of Dr. Nicholson is a tubular mass which opens out at 
the bottom of a superficial pore— see the structure illustrated in this communicatiou» 
Bl. fig- 3; it in no way represents tlie columella of a Hydrotoralhne, 

Having shown that the genus Stoliczkaria, which has no spnics or pores inside 
and outside, cannot be the same as Heterasirtdium whicli has them, it is needtesary 
to say a few words upon the rules of zoological nomenclature in regard to the Value 
of “ jiriority.'’ 

It is the result of careful and judicious consideration that permits an author who 
lias diagnosed a genus correctly, and who has so described its structures and chrirai - 
icrs that the genus can be recognised, to have the generic name which he gave 
recognised and perpetuated. 
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Ifeieras^ridium, Rouss, 1865, has the structures and characters of a perforate 
jMadreporarian \ there are none of the structural and distinctive characters of any 
genus of Syringospharidcr in Rcuss' descriptions. No one would recognise a 
SyringosphiBrid from the description. 1 therefore decline to admit the priority of 
my late and much esteemed friend von Reuss in this matter, and, on the contrary, I 
claim that if IJeterasiridium should tum out to belong to one of the genera 1 de- 
scribed in 1879, it will have to merge into it. 

It is perfectly evident after the study of the specimens now brought before the 
notice of palicontologists for the first time, that they are of the same tubular charac- 
ter as those already dtj^cribed, and that ihey present none of the essential arrange- 
ments of structures characteristic of HydroioralliniT. 

111. — List of ihe spkcies describf.d and from the collection 

NOW UNDER CONSIDERATION. 

Syringospheeria medheotti^ sp. nov., Plate I & It. 

,, intermedia, sp. nov. ,, III 

, plana. Dune, variety. 

,, fHontt€uluT%a, Dune, vnr aspera. 

IV. — Description of new species of Synngosph^ena, 

T’iie most important of the new species of Svn?jgosph(£na is Svrwgosph<Eria 
mtdlu<>tiiy and the t)pe specimtn is so >^ell preserve<i, both externally and within, 
that it would have lieen very acceptable had it come to hand during the examination 
of the forms which were desciibod foi the work on the second Vaikand Mission. 
The did'iculty of understanding the internal construction of the spei les which were 
tirsi described, was considerable, on account of the babihiy of contoundmg the tube 
structure with the inlcTtube rnateiial. That this was done in more than one instance 
ih^Te is no doubt. But in the instance of the specimens of the new species the mis- 
uikc cannot be made, and the dislirctness of the structures is evident. Ncvenheless 
there IS, at one spot of a piece of the type of the new species, a condition of the 
interuilie material winch simulates the tube struciure m a very inieiesting manner 
and the intertube seems to be, but is not, hollow. 

Sections of the l\pe were made at the British Museum, and some were tangential 
so as to cut across the .scries of conical mas.scs of radiating tubes not vcr> far Jrom 
the surface of the body; others were equatorial, and m parts of them the raihatnig 
cones were of courtse cut longitudinally. 

The species has the generic characters well maintained and the tubes are in 
many senes of cones, with the buses external, all radiating from the centre of the 
body; each tube varies in length, is subject to twist and to depart from the radial 
course for a certain distance and to return, to bifurcate, to become tnoniliform. and 
to unite by offshoots with neighbouring tubes ; but the diameter varies very slightly. 
The lumen of each tube is separated from those of its fellows by a space which is 
rarely greater than one half of the tube’s diameter, and this intertubc is occupied by 
a calcire which is differently coloured, as a rule, from that which fills the tubes. 
Again, each system or cone of tubes is separated from its ncighboun> by a greater or 
less thickness of irregularly disposed lubes, which arc usually smaller than those of 
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the cones and they have very thin intertube structure. This intercone structure is 
often quite without definite histological elements, but occasionally the tubes of it 
are filled with a dark opaque substance and then become visible. The cones ter- 
minate at the surface of the body in conical elevations, and also in small warty 
bodies. Few “pores" with tube endings on their floors exist on the surface of the 
body and theV arc to be seen within it also 'i'he arrangements and combinations 
of these structures deieimine species. 

S\ringosphtefi2 medHcotii, sp. nov. Plates I and II, figs i — ii. 

The body is moderate in size, spluuioidal, or it may be longer than broad and 
broader than high ; the sides are symmetrical. Externally the body is covered witli 
small, broad-based, low, conical proj<‘ciions, either sligiiily compressed laterally at 
the top or nodular there ; they ire somewhat variable in size, and have tlieir circular 
bases rather close. Numerous small waity projections are placed between and upon 
the flanks of the cones. Spaces or pores are very few and small, somewhat irregular 
in shape, often at the base of i wart and more or less overhung by it, or uj)On the 
flank of a conical prominence. 

Height of body 34 and 37 mm., breadth 43 and 47 mm. About throe cones 
and their interspaces occupy 4 to 7 mm. Common breadth of a cone 2 to 5mtn.; 
height I to 5rani- 

The surface of these external structures is crowded with the endings of radially 
disposed, obliquely placed and even g>rosc, lube endings, separated by lurrow in- 
teriube structure, very irreguhr in places and often incomplete, more or less [)i eject- 
ing and often granular. The regularity of the shape and position of the tube end 
ings is considerable upon the conical project ons, and the intertube inatcii.d often 
presents a radiating direction from the top of the piojection cross bars also Igniting 
the tubes. The running of the tubes in direction more or less parallel totiic suifacc 
before turning «lirectly outwards, complicates the appearance. 

Tubes open in a similar manner on the warts, and where a sjmcc or pore can be 
well seen, its boundaiy is of tubules. Between the conical projections is the outer 
or superficial termination of the intercone stiiicture, it is less regular us a rule than 
that of the cones, and is often small and confused ; but it is to be remarked that there 
is not always an histological distinction to be made between the lutercone structures 
internally as at the surface of tlie bodv . 

Internally, the tangential sections show numerous small, separate systems of 
tubes, variable in diameter, separated by narrow intercone structure*; or the arrange- 
ment may be slightly confused by the lubes of wart.s and the prcsciu e of sSpaces. 
The lumen of a tube is usually of greater iliamelcr than the breadth of its limiting 
intertube structure, is rarely perfectly c.rcuhr, and is largest in the tubes remote from 
the axis of a cone. There is scune symmetry of the lineai and radiating scried of 
tube openings, bounded by distinct radfuing lines of intertube and crossed by othierfl. 
Each system of tubes which finally ends in a conical projection, is fairly scpir^md 
from its fellows. The intcrconc structure ia usually confused. 'J'lie spaces shdw a 
line of intertube structure more or less around them, and tubes entering their fldors. 
The diameter of the tubes of the cones is from 1-330 to 1-500 inch; some close to 
the axis are J^i.ooo inch, and this is the usual diameter of the iidcrcone tubes or 
even less in placc<<, 1-2,000 inch. 
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Radial sections of the body show the systems of cones narrow at the centre en- 
larging towanls the petiphery and ending in su! face cones and wails The lubes 
aic fairly straight for some distance*^, but dip nway suddenly, a crossing line of 
intertuhe being then seen, or they bifuicate or send off a junction tube. Near the 
edge of the section the lubes arc often filled wuh opaque material, and then their 
(loseness, moniliform sha[)e, juiif lions and twistings tn n be a|)preciatcd. 

'Hie infeicone in.ilerial is also very indefinite longiludinally. The spaces arc 
often vcf)- long, and the lateral limitation b) intertube calcite and the entry of tubes 
ceutre-waids and the exit of others towaids the peripheral end, are veil seen. 

TheTffifrtuhe structure seems to have a portion near to one tube more or less 
sepaiate ^I*onl the poilion close to ihc next tube. Sorneiimt^s a definite line occurs 
tlierc and i^Uillyan indefiinte, raggf*d. dark tint denotes the position of possible 
s<‘l)araiion. Some of the niiertube strin ture crosses the lubes at right angles, but 
much of that appearam e is produced by the cleav<<ge of the f alciie of the tube. 
S\ringosph{pria tnttnnuha, sp. nov. PLilc III, figs. 12 — 18. 

'Ihe bod) IS rather laige, depressed, and ellipsoidal in \eriical, and circular or 
ellipsoiddl in (quatonal section; broader than high, ver) simrncirical. Height of 
t\pe 3fmun., breadth 43uun , length 60mm. Anoilier specimen is 44nim. in height, 
but tlic bod) IS more ' lu .I^r in marginal outline and the length is 53mm. 

The suilace las lalhcr wide apart, irregulailv spaced, small, low, bluntly conical, 
more or less dclorined tubercles, vaiying m sue. In the iiitersjiaces are greatly 
crowded, ver\ small, warty ptuminciices, amongst winch aie ver\ tewv iireguiarly- 
s)iq)ed, small {>oros, except in one 01 two places where they are numerous; the 
poles mav also I e at the su'es of the bases ot w iris and upon iht. fHiiks of tubercles, 
'liie nsuil rciuidation of tubes and inieriulie slriiclure occurs, 
d he poies may or may not have a rjiised rim around them consisting of intertube 
cilcitc dhibe ends may b* seen on the floors of some pores, as m pi I, flg. 3. 

.Sections show the generic characters very well, and also thttlhe radiating conical 
series of tubes, the lube systems, although mosilv \er\ large, arc unequal, and that 
theie are snwli tube s).sleins cspecialh in the confu&ed inicrcone structure. These 
most!) Ji’fer to the lubes of warl-Iike projections. 'I'hc w^its in section, below the 
surface, prosciU all the structural chaiactcrs of the tubercles, and arc smalt, crowd- 
ed, or not, with tubes and intcrtubc stiuiluie 1 he number of the tubes varies with 
the diameter of the wart, and there may be many or merely three or four tubes 
to a wart. 'Iluieisnuuh diflicultN m dislirguisbing between tul>e and inierlube 
structure, for this last is sometimes stout and coloured hke a fdled up tube : but 
usually the tubes are larger than the iiiteriube structure. The tubc.s, even close to 
the surface of the body, are not constantly rulial in direction, and there is much 
bending, joining, smlden return to the radial direction and geniculation. The pores 
appear as vacant spaces in tangential and longitudinal sections of the body; the) arc 
more numerous than their external distribution would lead one to believe. They are 
more or less circular or deformed in outline in the tangential sections, and they are 
narrow and elongate in the radial sections. (Plate 111 , figs. 13 and 15.) A pore ts 
thus a chamber in the body more or less cylindrical in shajie. The diameter of a 
pore (in section) is from a quarter to one half of a milifinetre, the height of a 
chamber may be imm. The sections prove that the chambers ore in the midst of 
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the tubes of the body and are vacant spots. The tubes enter the base or proximal 
end of a chamber and may be three, four or five in number, and their intertube 
material suddenly ceases. The sides of the chamber arc limited by tubes. Distal- 
ly,the space is covered with a thin layer of intertube, and tubes start on their way to 
the superficies from that structure. At one spot dose to the surface of a body (Plate 
III, fig. 1 8), tbfe dark infilling of some tubes has entered a chamber, and there are 
slender offshoots to be seen from the tubes on either side to the space or chamber; 
tul)es pass off distally towards the superficies. 

The intercone structure is very confused. 

Diameter of base of a tubercle, i to smm., some in transverse sectior;^,^ f 3mm. 
Height of tubercles 2*5 to 5 ram. The warts 2*5mm. broad. Distance of tuber- 
cles variable from 2 to 5mm. 

Syrtngospkicria plana^ Dune. Sci. Res. Sec. Yarkand Mission, 1879, p. 14. 
This species is represented in the tolleclion lately sent to the British Museum, and 
the specimens have an oblately spheroidal shape, and the surface of the body is 
nearly smooth, there being some few low, rounded off tubercles and numerous 
granules: the pores are small and scattered. In sections it is noticed that the 
conical systems of tubes are few and large : in some cases they are well defined at 
their circumference, but in others they merge into a confused intercone structure. 
The tubulation of the cones is large, coarse, and close. Ihe spaces are fairly 
numerous, and are placed without order in any position. As the best specimen h is 
decidedly more tubercles upon it than the type, 1 have placed it as a variety. 

5. plana. Van with several tubercles. 

Syringosphcpria monticularia, Dune. Van a^pt'ra. Duncan, op. n't., p. 13, 1879. 

This interesting variation of the species, * 9 . rnonticularia, is represented in the 
collection by a small specimen. The microscopical characters arc exceedingty well 
shown,and the number of small cone-systems crowded together is remarkctble. liach 
system is small, and relates to a wart at the surface, tlie number of tubes in it is 
small. The larger cone systems correspond with superficial tubercles. In one of the 
longitudinal sections the lubes are wonderfully distinct and wavy, geniculate, 
straight for a little distance and bent ; they evidently have a true wall as was noticed 
by me in the case of other specimens. Having examined a considerable number of 
specinaens in s^tions, it appears that the body of a Syringosphcrrid is composed of 
tubes with walls of varying thickness which fuse and produce intertube structure; or 
which do not fuse and then bound spaces* 

V— Descriptions of the Plates. 

Plite L 

Figure i. Syringospheeria nudlicoiti^i^.no\. 

View of the exterior, showing the surface endings of cones and ^farts 
(placed within an ellipse denoting the size and shape of the body). 
Central figure, mag. 3. 

„ 2. Same species. A view of the outer surface of a cone showing the circular 

and elongate and deformed openings of the tubes, separated by projedling 
intertube material. Mag, aa 






a 
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igure 3. Sume species. Surface of body showing a pore, or space; it is sur- 
rounded by tubes, and tubes open on its floor. Mag. 75. 

„ 4. Same species, a tangential section, thin, showing sections of tube-systems, 

or cones cut across (the smallest system is that of a ** wart '*) ; the inter- 
cone or inter-system, badly differentiated, surrounding space is seen. 
The three vacant spaces arc ** spaces,” and would be pores at the sur- 
face. Mag, 15, 

„ 5. Same species. A pore and its surrounding tube matter, many tubes cut 

across, some circular and others elongate. Tangential section. Mag. 
75. {The lumen of a tube is light in lint.) 

„ 6. Same species, tangential section near the surface and reaching it. The 

tubes are filled with dark matter, and the intertube matter is lighter in tint. 
The opening of the tubes at the surface is seen, and also the irregular 
mesh-like structure of the intercone structure. Mag. 75 

Plate JL 

^yrifigosph(ena medluoiii. 

Figure 7. A longitudinal view of part of a cone or tube-system, and a portion of 
an intercon^. The tube structure is light in lint and the calcareous 
intertube material is dark. The cross bars refer to sudden bendings 
of the tubes. Mag. 75. 

8. Same species. Longitudinal view of apart similar to figure 9. Ihe 
tube part is lightest in tint. 

,, 9. Same species. ‘Tubes and mtertube structure cut across The dark 

lines in the intertube when seen in longitudinal section simulate inter- 
nal hollows, Mag, 250. 

„ 10, Same species. A longitudinal view' of a space or pore, suirounded by 

tubes and intertube. Mag. 75. 

,, II. Same species, A thin section made at the base of a mamelon or out- 
side cone ; the irregular shape of the lubes seen cut across, is shown 
and they are light in tint. 

Plate III. 


\yringo%phceria irthrmedia^ sp. nov. 

Figure 12. The surface slightly magnified, show'ing the numerous warts and few 
cones ; the ellipse indicates the shape and size of the body. 

„ 13. Same species. A transverse section of a cone system with a space or 

pore central. Mag. 75. 

„ 14. Same species. A tangential section, near the base of cones, the dense 

intertube is dark, the small tubulation (cut across) is light : a space or 
pore is filled with dark matter, and the iniercone space is indistinct and 
dark. Mag. 50. 

„ 15. Same species. A longitudinal section showing the long, narrow de- 

formed spaces or pores, surrounded with tubes and intertube. Mag. 20. 

„ 16. Same species. Tubes filled with dark matter near the surface of the 

body, in longitudinal section. Mag. 50. 
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List of assays and examinations made tn the Laboratory, Geologual Survey of India, 
during the monthly of February, March, and A pi it iSi^o — continued. 


Substance 

F<ir whom 

Result. 


Coal, from Darjeeiing 

P N. Bose, Goologt- 
% cal Survey of India 

Pit No 3 
Ltsu V'alley. 

Pit No. 7, 

< hurhauti 
VaU.v, 
depth 9 feet. 

Pit No 35, 

C himkhoU or 
Kaintek 
Jhora, dcpih 
; ftet. 



^foistll^e . *4 '54 

Volatile matter 8 86 

Fixed carbon 63*96 

Ash , • 12*64 

4*21 

14 00 
62 56 

10 14 

i6'io 

>547 

5185 

1658 



100*00 

100 00 

100*00 

Minerals sent for de- i 
terminitioD. 

Sir Alexander Wil- 
son, Calcutta 

Aih - xrcy, 

cakes strong- A^h— pile Ash— reddmli 
ly an J forms brown, t^kes gray, takes 
alight inrrid stronglv , srroiigli 

coke 

AraQuartz stained with iron. 

B — Crystals of iron pyrites changing into limo- 
nite. 

C ■» Argentiferous galena. 

Coal, from No. 2 
borings at Jamgram, 
Ranigan] Coal- 

6eld. 

Kilburn & Co,, Cal- 
cutta 

) 

1 




Specimens of chy 
from Warora and 
Wardna. 

G R, Reynolds, 
Warora, C. P, 

1 

Only one out of the three samples rej^glvcd, 
stood the test required fur hrebricks. 

“Supposed matrix of 
the diamond Uom 1 
Wajra Karur,' 
Madras. 1 

1 

f 

Geological Survey of 
India 

1 

Contains : — 

S1O3 . . • 

FcoOj • • . 

AI3O3 . • « 

CaO 

MgO 

CO, ... 

H3O (combined) 

• * 

44 7 J 

44a 

I2«3 

1035 

>5 09 

2 85 

907 





100 34 

Two samples of quart? 
for gold, iron 

pj rites, and pyro- 
lusite. 

Mackllliran & Co , 
Calcutta. 




Coal, from Northern 
Shan States, Bur- 
ma. 

The Financial Com- 
missioner, Burma. ^ 

Moisture 

Volatile matter 

Fixed carbon 

Ash . , . 

• 

31 30 

33 ' » 8 
3306 

12*46 

1 




100 00 


006*1 not r^ke A^h— dark-r^d 
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List of assays and examinations made tn th^ T.ahoratoi y\ (holo^ical Sltiiviv of India, 
durinff the months of I thruar) , March, and April iiHyo^ concluded. 


Substance 


For whom 


Hc^>u t 


Coke, made from coal 
from the Lisii Valley 
Darjeeling. 


P. N Bose, Geologi- 
cal Survey of ind la 


Moistur*' 
Volatile matter 
Fixed carbon 
Ash 

i 

I 


259 

241 
67 7B 

27 20 


100 00 


Quartz for gold, from 
Sonapet 

Mineral from ] ibal- 
pur sent for deter- 
mnialion 

Mud, for gold . 

Minerals, supposrd to 
c Jntain coppt r Iro 11 
the WdiPV. <nga, for 
determination. 


G. T. Peppe, Ranchi 

I 

^ Burn & Co , Calcutta 


M ^cklll^can & Co , 
C ih ut*a 

C W McMinn Dc- 
♦ V f'tjmmi >si(«ro r, 
I ChaiuU Uistnct, 
Central Provinces 


Sulphur, present as sulphide . 

, , sulphate , . 


Sc4*lecite 


Specimen No. 1 — oxide and carbonate of iron, 
n > c >pper 

Specui tn Nos 2 to 4, — ep'dotc* ^ no copper 


\otipcations hy the Government of India during the months of February ^ 
Mar ih^and Apnl publnhed in the “ Gazttti of Indta^^* Part /. 

— Appointment^ Confirmation, Pr omotion^ and Rctir enunt. 


Department 

Number of 
' order 

1 and date 

Name of 

Oflu Cf 

From 1 

1 0 

Nature of 
App«^ nt 

PIC nl, &.C 

W ith 

C fff f t 
from 

Remarks 



None 







Noirjicatwns by the Goicrnment of Indni dur in ^^'onths oi Fehi uar\\ 
March, and April iSgo, published in the “ UuZiJe of India f I urt L 
^ Liave. 


1 

Department. | 

j Number of 1 
1 order and 1 
1 date. 1 

1 

Name oi Oflitcr 

Nat»ir< ot 
Leave 

With 
efi 1 1 1 
from 

1 

Date of 1 
Ktturn 

1 

Rem.iiks 

Revenue and 
Agricultural 
Department 

! 

dited, 

93 8 

25th Apl 1 
idyo. 

Fheo.W. H Hughes 

1 

Special 1 
lea\ p 

1 Date of 
av iiling 
himse’f * 

1 of it ' 






Postal 

and Telegraphic Addresses 

of Officers, 

Name of Officer 


, Postal Address. 

1 

1 

j Nearest Telegraph Office 

R Brlcb Footb 


. Anantapuc « 

. 1 Aiiantapur. 

S 

T.W. H Hughes 


. ' Calcutta . 

. 1 Park Street, Calcutta. 

C, L. GRIRSBArH 


. Calcutta , . . 

. Park Street, Calcutta. 

R. D Oldham 


. Quetta (Baluchistan) 

. ' Quetta. 

P. N.Bosh 


' PillanM Hat 

. j Siligun 

T. H. D, LaToi'uhe . 


. 1 CalcuHa . 

Park Street, Calcutta. 

C S MtDOLttM^Ss 


. ' Khushab . 

. ' Kliushab 

P, Lake 


. Calcutta . ^ . 

, J Park Street, Calcutta. 

P N. Datta 


. • Khewra (Jlielum) 

. Khewra, 

F. Noetling 


1 

, Lashio (Shan States) 

. i 

Kishen Singh . 


. f Quetta (BalurhisLin) 

. J Quetta, 


. 1 Ottto. 

t 


Hira Lall 


Ditto 
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AJiiilion\ lo the Museum 


ADDITIONS TO [HT MLSl'UM. 

None 


ADDITIONS TO IMP I lliHARV 

From isi Jwlary to 31ST March iSco 

IxiU^ if Books Donots 

Allen, Alfred 7 / — Commcu 11I Organic Anil\M a (icati^c rn tie prfpcrijc*;, proxi- 
mate inalM cal cxaminatic n, arrl mr cits ot U e \arous 

ortj inn chtn ical'* and pre duct's cn p’« \fd n I' l "is, nrit uf act urcs 
medicine, Nc , w itli cc r cisc n t ft r tit ciclMtor ii d determina- 
tion of llitir impuTitcs, at uittrr i t r 's, ^id pn ducts of dc con position. 
2rd edition \ ol HI, pt i loidon, i^So 
Bloxam, ^ /{ !?/« Liud r —Metals, tilt r propcrtits and iiCcitmtit PartialK re-wrtten 
and augmented bj Alfred K Huntington New edition London, 

B^ON^ s Klas on urd OidriiTgen dcs liner Rcitbs Bird II, Abth III, rf 5-6, 

B iTid V, Abil). 11 , lief j-s-27 1 c ip/ t:, 

Brown, P h rt -Our I nith * nd iis Siorv 1 fipiilii ire m ci jb)sral gcographv 
2 \ols 4^' I ontlc n, I 8 ^ 7 -l 88 ^ 

ClaRkf, r. IP —1 lu nctcoi tc c( lit ct on m tl c b S NaMti il Museum a catalogue 
of mete inlts rtpicstnlcd Not i^t, i8bb F \ni W asp ngten, 18S9 

The Author 

CuoLL, i — SteP ir I \ olul ion aditsrt tin ns to m oli^iT c. I time 8^ I erdrn, 18^9 

L'Iawson. Sir J Willuim — Nt w spe t us c f I os^il Spong - rom the Siuji Cambr an at 

I lUle Metis, on the 1 ewer St I aArtnee \\ ilh noti u\ Dr. G J 

Hindi, 4*^ Pam Mortre il, Phf Author 

Dawscjn, Ma 7 H —On irssil plants fiom the Matktn/ie and Bew r\trs 4° 

Pam Montrt d, 18S9. i hf Althor 

Df ia Nof, G «ind Di* M\Rgikif / ww — I es formes du Tc rr 1 n. 4'’ Pans, 18S8 
I ISSLER, M- 1 in mctallutgN ot (lold i pi letical Ire it st on tie mtnlluit: cal treat- 
ment of ^old-bf anng ore s, me Itidini, tie piocessts of conceiurat on and 
I hlorinTiJon, and tic Tssa\ing, mcltine,, and reining of gold 2nd 
edition. 8° Lemdon 

I rssi |.R, J/ - lit met illuigj of Sihcr t prietical irt ilisc on the an .mation, toast- 
ing, and lixiMal of mKc" ores, Tiliidinglht assa\ing, melt ng, and 
•'chmng of siher bullion 8° I ondon, i' 0 
hvERETT, J D — Hints and Ph> sical Constants 2nd edition 8® I ondon, ib86. 

Fi FT( HER, t —On the motconles which ha\e been found in the desert ot Atacama and 
its neighbourhood 8° Pam london, i88q Fhf Althor 

FLFrcHFR, L — 'On the supposed fall of a mrlrorie stone at C hartres, Eure-rt-I oir, 
France, in September iSu). Pam I ondon, 18S9. The At phor. 

1 1 
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Titles of Bito^s. Donors. 

Freshpield, Dougins ll\ and Wharton, TF. y. Z —Hints to Travellers, scientific and 
general. Edit^fd for the Council of the Rojal Geographic.iI Society, 
6fh edition, revised and enlarged. 8*^ London, 1889. 

Frusch, Ktifl V . — Allgemeine Geologic. 8° Stuttgart, 1888. 

Haidinger, Wilhelm Karl Bitter Handbuch dtr bestimmenden Mineral<»gie. 

8® Wien, 1865. 

LePvSius, Richard . — Gcologie von Deutschland und den angrenzenden Gcbieten. 
Band I, lief. 2. 8° Stuttgart, 1889. 

Lewis, T- R — In Memoriam. Physiological and Pathological Researches: being a 
reprint of the principal scientific writings of the late T. R Lewis Ar- 
ranged and edited by Sir William Aitken, G. E. Dobson, and A. E. 
Brown. 8® Londun, 1888. Lewis Memorial Committee. 

Martin, K. and Wichmann, .d. — Beitrage 2ur Gcologie Ost-Asiens und Australiens, 
No. 20. 8® Ixiden, 1S90. 

Murray, James A. H . — A new English Dictionary on historical principles; founded 
mainly on the materials collected by the Philological Society. Fart V. 
4® Oxford, 1889. 

Paldontologie Fran^aise. 1" s/rie, Animaux Invertubn^s, ftoedne fechinides, Tome II, 
livr. 18: 2“* sdrie, Vcgtleaux, ftphedr( 5 es, li\r. 41. 8° Pans, Ib8c>. 

Parkinson, S . — A treatise on Optics. 4th edition. S'-' London, 1B84. 

SoRLEY, IF. R . — Mining Royalties and their effect ontlie iron and coal Ir.ides, Repoit 
of an enquiry made for the Toynbee Tru^.tees. 8® I.ondun, 1S89. 

Stokes, George Gahriel’-^On light. 8^ Londi*n, 1887. 

Symons, G. y.— The Eruption of Krakatoa, and subsequent phenomena. Repoit of the 
Krakatoa Ci mmittee of the Royal Society, Tis. 


Abercromby, The Hon. Ralph. ^ 
Archibald, E . Dougla<;, ! 

Bonney, Prof, T. G. j 

Evans, (the late) Sir F. J. J 

Geikie, Dr. A. ' 

Judd, Prof. J. W. 

Lockyer, J. Norman. 


Rn^^^^ell, The Hon. F. A, Rollo, 
Scott, H. H. 

Stokes, Prut G. G. 

Slrarhey, Lt. -General. 

Symons, G. J., Chairman. 

W harton, Capt. W. J. L. 

4® Loncii n, 18S8 


Thomson, r. and Murray, Rcp(*rt on the scientific results of the 

voyage of H. M. S, “ ChalUnger,” during the years 1873 — 7'*- H, 

Physic*? and Chemistry; and Vol. XXXIL /oology. 4® London, 
iSHq Rev. and Aori. Dfpu^tmevt. 

Thyon, Gt' rge V /. — Manual of Cone hr logy , struttural and systematic. C’onti.nuul by 
H. A. P.lsbry. Vol, XI, No. 3; and ^nd senes, Vol, V, No. 3. 
8® Philadelphia, 1889. 

Wait, Ce rge,— A Dictionary of the Economic F^roducts of India. Vols. I-IL S*’ 
Calcutta, 1889. Govt, of Lsnii. 

Wright, iha*Ls R. Alder . — Metals and their chief industrial applications. 8® LondoJ, 
1S78. 

Young, f. d,— The Sun. 3rd edition. 8® London, 1888. 

ZiTTEL, A'nr/ Handbuch der PaliEontologie. Band 11 , Abth. II, lief. 8; Band lll» 
Abth. I, hef. 3. 8® Munchen, 1889. 
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Additions to the Library. 
r’KRlOI^ICALS, SEKIAIS. &c. 


Titles of Books, Donors. 

American Journ.<l of Stance. 3ra series, Vol. XXXIX, Nos. 229-230. 8’ .New Haven, 

Ini" honoRs. 

American Naturalist. Vol XXIII, Nos. 271-272, .incl XXIV, No 277. IMuladelphia, 
1889-1890. 

Annalen dcr I'hysik und Clamie. Ncue I'olgc, Band XXXIX, .Nos. 1-2 8’’ I eip/nj, 

1890 

Annales des Scienns Naturtlles. 7"" s^ric, Botanujue, Tomr VIII * Nos 4-6 8® 

Pans. 18S8. 

Annals and Maga/me of Natural History. 6th ecnes, \ ol. V, .Nos. 25-27, 8 I ondf.n, 

1890. 

Athenaeum. Nos. 3243-3254. 4'’ I fmdon. i88t)-i890. 

EkMblatUr /u dtn AnnaUndcr Phy^k imd Chcmic. Band XIII, No^ Ii-t2, rind 
XI\, Nos. 1-2*. 8 I C'p/ g, 

Clum’Lcil News \'ol. LX. No. 156b to LX I, .No. 15S0. 4'=’ Lond n, iS^fi-ibco. 

Collury (juaidian. Vol. LVIIl, No isiztoLLX. No 152^ 1*^1 London. 1890. 

Gtological Mriga/ino. New s, s. Detado HI. \ ol. VII, No- 1-3. 8* London, 

Indian Lngine^ ring. \’ol. Vil. Nos 1-12. Mst. Cakutta, P. Ou^ lf. 

Iron \ ol. XXX 1 \, .No S" | to XXW , No 895* London, ISS9-I‘^Qo. 

I ondon, hdinburgh. and Dublin Phih sopliu a) .Magaz nc and luurn a 1 t-fScjenLC. 5th 
scTits. \ ol XXIX, Non. 176-17S 8® I onrlon, 1890 

Mining loiirnal. \ ol I L\, No. 2^3^ to I X, No 2S45. hoi. I ondon, iSs^-iSo.^ 

N itiir( Vol \1 L Nos. i(^5i-ioo.> | ondon, ibsg- 1^00. 

Neuos Jahrbuch lur Mnuialogit, Ctcologie ard Pal.icc niolog e. Jahrq 1890, Bard I, 

heft. I 8'' vStiittg at, iSt^o 

Ntuf s Jahfbuch fur M turaligie, (aolog e und Pa) leontologic. Bulngt-Hind VI, htft 
3. Stuttgart, 1 8S9. 

Palafi ntologisfhe Abhandlungen. Neuc Folgc, Band I, beft. 2. 4^ Jena, i8^'o. 
PttcrmannN (jcographisehc Mitthelungen Band XXXV, No. 12 rd XXXVl, 
N(>s T-2. Gotha, 1S89-1890. hi Lditor. 

Pttermann’s Cioogr iph nc lie Mitt h( ilungc n. Supplirncnt Nos. 04 and 4*" Ct< lha, 

iHfe flDIJoK. 

Ihe Indian Engineer, New scius, \ ol. \'I 1 I, Nos. 14-26. Calciut 1, i8»yt 

N 1 w M \ N Co. 

GOVERN 2M PM SELECTIONS, RFPORT.S. \c 

Bengal - -Report c*u the administiation of Bengal, iSSS-8q. Msi. CaUutta, 18S0. 

Bfvc.kl (iO\ER\MFNT 

Report on the aclministration of Bengal, i^^SS-Sg Rciali.. with fiibutary 
States and Frontier Aflairs hlsc. CaKutta, iSbg. 

Bfngvl Goveknmfnt 

Bombay.— Report on the administration of tht Bombay Prcs’dcncy tor i888-8y FIsl 
B onibav. 1889. Bombay (k)MRNMENr. 

,t Selections from the Reiords of the Bombay Government. Ntw seriCN, 
Nos 192, 194, igb, 19B-200, 234 and 235 Fisc, Bombay and Karachi, 
i88<). Bombaa (Jovernmhm, 
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Titles of Booki^ Donors 

Burma.— Report on the admini^^tration of Burma durinfif 1888-89. Fisc. Rangoon, 1889. 

Chief CoMMissroNER, Burma. 

Central Provinces.— Returns of the rail-borne trade of the Central Provinces 
during the quarter ending 30th September 1889. Fisc. Nagpur, i8(>o. 

CniFF Commissioner, C. P. 

Hyderabad. --Report on the administration of the Hyderabad Assigned Districts for 
1888-89. Fisc. l-Iyderabad, 1889. Resident, Hyderabad. 

India.— A dministration report on the Railways of India for 1S88-89. Part 11 . Fisc. 

Calcutta, 1S90. Director General of Railwavs. 

„ Handbook of c\c!onic storms in the Bay of Bengal. For the use of sailors. 
8® Calcutta, i8go. 

Mettorological Reporter to Ciovfrnment of India. 

„ Report on the Meteorology of India in 188S. 4® Calcutta, 1800. 

Meteorological Reporter to Government of India. 

„ Quarterly Indian Army List. New series. No. 2. S® Calcutta, !8go. 

(iOVERNMENT OP InDIA. 

„ Sc'cntific Memoirs by .Medical Officers of fhe Army of India. Part V. 4^ 
Calcutta, 1890. Sanitary Commissioner. 

Madras. — Annual administration reports of the Forest Department (Soul hern and 
.Northern Cinies), Madras Presidency, fi»r 1888-89. FLc. Madras, 
1889. M.sdran (kwernmfnj, 

„ Report 043 the administration of the Madras Presidency during the year 
188S-89. Fisc. Madras, 1889. Madras (joveknmknt. 

Punjab — Report on the administration of the Punjab and its dependencies for i8rtS*8o. 

Fisc. Lahore, 18S9. Pun.t^b (L)VBRNMKNr. 

TRANSACTIONS, PROCEEDIMVS, 5 co., OF SOCIETIES, SURVEY.S, &g. 

Allahabad.— 'The North-Western Provinces and Oudh Provincial .Museum, Lucknow. 

Minutes of the Managing Committee from August 1883 to 3Jst March 
188S. 8° Allahabad, 18S9. Thf Museum. 

Ballarat. — Annual report of the liallarat School of Mines, Industries and Science, 
in the University of Melbourne. 8® Ballarat, 1800. 

Ballarat Sc hool or Mines. 

Bali iMORE. —American Chemical Jcmrnal. Vol. XI. No. 5. 8® Baltimore, 1889. 

Johns Hopkins University. 

,, merican journal of Mathematics. Vol. XI, No. 4. 4® Baltimore, 1889. 

Johns Hopkins University, 

,, Johns Hopkiu.s University Circular^^. Vol. IX, No. 78. 4** Baltimore, 
1890. Johns Hopkins University. 

,, jobns Hopkins University Studies in Historical and Political Science. 7th 
series, Nos. 7-9. 8® Baltimore, 1889. Johns Hopkins University. 

Batavla.— Dagh-Rcgisier gchonden int Eastecl Batavia vant passerende dacr ter plaet.s« 
alsovcT goheel Ncdcrlandts-India Anno 1661. Van J. A. Van Dec 
Chijs. 8® Batavia, 1889. Batavian Society. 
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Additions to the Lthrt 


ary. 


'i tiles of Books. Donors. 

l'JEbFA5>i.'^R<.port and Procpedirj^s of the Belfast Natur.i! History and Philosophical 
Society fui the session 188^5-89. B( hast, 1S09. 

NAlURAf Hisiory So( IETY, lit! fast. 
Berun.— Z ciibchiift der Dcutsdipn j^pologi-chcn (jks 11 daft Band XI I, No<^. 2-3. 

8 Beilin, 1 OrKMw Gi-oicioif \i Sockty, 
Bologna —M emorie dill.i B. Aci adrmi i dolU Stunzcddl' Istiluto di Bo’ogna. Sene 
IV, Fofno IX. 4® Bologti i, 1^88. 1 liE Acm)i.my. 

Bombav.— J ournal of the Hcmbay Natural History SoLiCt\. Vol. IV, Nns 3.4. fto 
Bombay, 1^89, 3 hf Society 

Brisbane. — Proceeding's and 'I lansactions of tbf Ouf enHanrl Br«infh of tie Rosal 
Geographical wSgcitt} of Australasia. V(>1 V, pi. i. S'" Bi’sbane, i^S . 

1 H H SoCIET Y , 

BkcssEls.— Annnh s dc la Society Romaic M.alai oli g'/pu*. 4"' Tome III 8® 

Bruxidks, 1888, Till SociFFY 

,, Process- Vi rbaiix de^' S/anres de la S<'< uT*' Ro}aIp M ihrol(^£>ique de Belgi- 
que. pp. Ixxni— LXMv (i8SS;aiul pp. i--c\\ i (iS^o) l^ruxelUs. 

i888*"i'N8g, The Socii-ty. 

„ Bulh tin d< ' So( lete Ro\ ale Beige de OGgrajhic. AnnccXHI, .\os 2, 
4 and 5. Bruxelh s. iS8<; Thi- Society. 

l^ii ( ARhSr.— Anuarulu Biuruului Ofologtt.u Anulu T'82-iS83, No 4. 8^ Bucurcetj, 

l8S<j GfOL. Bireyo, Hi < \rpst. 

( AH L n V.— Annals oi the Rr yal Boi.in c Garden, C.dtutia. Vol. I, pt 2 and Appen- 
dix , arid \'ol H. 4^ C cdc'itta, ibbs-is''^ 

Roy \L Boianic Gyrdfss 


„ CataUguc of the books in tH‘ hi rary of the Ind .an Musfiini, corrected to 

August lbs? Bv R Ltonard Chapman, b'* Calcutta. 18^9. 

Indtw .Museum. 

Rp’giaphia Indua and Record of the Arcbxological S”t’ > of India. 
Part IV, 4^^ Calcutta, I S'^y. 

Arc H^LO ioGicAL SuRvt i OF India. 

,, Journal of the Asiatic Society of Bengal. New stras, Vol. I \ HI, pt. H, 

Supplements i and 2 8" Caluitta, 1889. Tiif. Socifty. 

,, Proc< c<hngs of the Asiatic St ciciv of Bengal Nus. IX-X. S'" Calcutta, 

iS(;o. The Society. 

Paheonfologia Indica. Senes XIH, Vol , IV, pt. i. 4^ C'alcutta, 1889. 

C'lEOLOGlCAL SURVi-Y OP InDIA. 

)rtls of the GcoK'gicnl Sur\ey of India. Vol X\ 1 I 1 » pt. i. S® Calcutta, 

CiFOLOGlCAL R 'EY OF INDIA. 

,, Report of the Iwtlfth annual meeting of the Indian Association for »hc Cul- 
tivation of Science, held April 1889. 3 ° ^ alcutta, iSbq. 

The AvS'jOCiation. 

Survey of India Department. Nutes for December 1S89 to February 1890. 
Fisc, Calcutta, i8go. Survey* op India. 

Cambridge, Mass. — Annual report of the Cur.itor of the Museum of Comparative 
Zoology, for i888 89. 8"^ Cambridge, Mass , iiSSy. The Museum, 
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7Ules of Boohs, Donors, 

Cambridge, Mass. — Bulletin uf the Museum of Comparative Zoology. Vol. XVI, No. 6; 
XVU, No, 6j and XVill. 8* Cambridge, Mass.,^ iS8o 

The Museum. 

Copenhagen,— Memoires de I* Academic Royale dc Copcnhaguc. sciic. Vol V, 
Nos. 4® Copenhagen. iS8g. Roval Danish Acadkmy. 

„ Oversigl over det Kongelige Danske Viden».kabei nos Selskab.’^. 

No. 2. 8 ** C openhagen, 1 8S9. Royal Dvnish Academy. 

Dresden. — Sitzungsberichto und Abhandlungrn dtr Naturuis^cn.sihnftiu’ljcn G('sellb- 
chaft Isis in Dresden. Juli bis December 1889. 8® Di(«;<h n, i8<)0. 

'I'liF Society, 

Edinburgh. — Scottish Geographical Magazine. Vol. VI, Nos. 1-3. 8^ bdinbirgh, 1890 

The Scottish (itoGKAPmrAL Socieiy. 
Glasgow.— Proceedings of the Philosophical Sccicl\ of Glasgow, \ ol. XX. 8” Glas- 
gow, 1889. riiRSorifcTY 

Harrisburg. — Rtports of the Gtolrgical Survey rf P« m s\!vani.a Atl.is tf* A A, pu 
3 and 4; Atlas to HH, ard IIHH, at d 0 c) 0 . I lani'^burg, itSo. 

GlOlOOU M. SCRVFt, ^*KNNS^ LV\nia. 
London. — Journal of the Society of Arts. Vol. XXXVill, Nos. 19)1-194^ 8^^ I.ondon, 

1889-1890. The .Sot in y. 

„ Proceedings of the Royal Geographical Society. New ^^cncs, Vol. XI, Nos, 
lo-Ui and XII, No. i. b"* I.ordm, Ihb Soi'ii-ty. 

„ Proceedings of the Zoological Society of I.ondon. Part U I 8* 1 ondt n, 
1889. Tiir Socii.i^. 

„ Quarterly Journal of the Gtol^gu al Sctcuty. Vol. XI A^ No iSo. W.ih 
List of Fcll 'ws for 1889, 8^ London, iS^g. The Soc.. r\ 

Madrid — Bolclin de la Sicicdad Gcografica de Madrid. Tomo XXVII, Nos 4-6. h’ 
Madrid, I. Sy. • The So( iety. 

Manchester.— 'I ransailiors dt the Manchester Geological Socuty. Vf 1 XX, pis 

14-15. 8° Manchester, TijeSocilt\. 

Melbourne. — Reports of the Mining Rcgis'rars for the qu.artir ending .v^ih September 
Fisc. Melb«mrne, iBNy. DtrARiM^M oE Mims, Vh ioiua 
Monireal.— Gcologv a! and Natural History Siirv»y cf Canada. C oninbur.ons to the 
Micro. Pabeontology of the Cnmbro-Silunan Rucks of Canada. Part 
11 . By E. O. Ulrich. 8* Montreal, l^Sg 

(»LoLOGi( At. .Survey, C"\nad\ 
Moscow.— Bulletin dc la Soeicti!; Impcrialc dcs Naturalislc •. Nus. S'* Mos<oii, 
1S89. The Socikty. 

„ Nouveaux M ^moires de la Socj^t^ Impi'rialc ties Natiualisti s dr Moscou. 

Tome XV, livr. 5. 4®^ i^osrou, i8>8 The Society. 

Naplfs. — Atli della Realc Accademia dclle Scitnze Fislche c Mat^ inalirhc. SctIc ll, 
Vol. in. 4** Napoli, 1889. I HE Academy. 

Paris. — A nnalcs des Mines. 8** s^nc. Tome XV, livr. 3; .'ind XVl, livr. 4 8® P.irjs, 

1889. DEPMTMHNr or Mines, Par)s. 

„ Bulletin dc la Soci^ld dc Geographic. 7** seric, Tome X, Nos. 2-3. 8® Paris, 
1889. Society* 



PART 3 ] 


Additions to the Library, 


Tiths of Books Donors^ 

Paris — C ompte Rendu dcs Sdincf^s de la Son/t6 dc Gdographie. Nos 15-17 (^889), 
ind Nos i-^^. fi'^Qo) 8^ P ir ■> iS^f) i8<p. Tub Society 

,, Bulletin d» liSoc(.t( (j^t'ologiqiK^ de France 3"** sene. Tome XV 1 1 , Nos 7*8. 

S'* Pui 3 , i8Ss-i8S«> The Society 

PHiLADELruJA — jouin il of iVc Pranklin Insllutt. ''rd series Vnl XCVIII, No 6, 
and Xt IX Nf)s 1-2. S' Pli 1 k 1 < Iphii, ) 189^) 1 he Insthui E. 

„ Timsitlions of the VVignci 1 lee In'^titulc of Seunce Vol II 8° 

Pluljdtlphi i, iSSq Thf Institute. 

— AUi drlla ScKicta lose ina di Sen n/e Niturali. Memonc, Vol X 8"’ Pisa, 1889. 

Thf So( icty. 

,, Alli d( Ih leta T O'Meara di Scicnze N iturali Pre cr s<:i Ve rl ah Vol VI, pp 
ind\II,}jp T-20 S Pisa, 9 I Thf Society 

RoMF - Atti d‘ 11 1 K( d( Aecad^m \ <ki I inru Scin l\ , Rt ndiconli, VM V, S' mesire 
U, lisi vH R< ma, I InpAe^DTM’i 

Saifm Pro« tedin^s ( f tlv Am< r i in As^f 1 1 ition for the Advantrmtnt of Sr ( nee Vol 
X\\\ II S®Sihm, iS'f) I nr Association. 

San Francis*, o — Menu isrf ll e ( ai ft> ni 1 Ae'^deir} of Sc cpces \ ol II, No 2, 4® 

S in hi ineisee) Thp Academy 

„ P»c c " ( f the ( hft>rni i Aradim\ cf Sciences ''ncl srrts, Vd 

1 pt 1-2 S'" Sin I r me s o, iS s-i IheAcadfvy 

'siOCKHOLM — ^ m j t ilK »n^d S\(* ka \ c trn<>l qs-\kidMncns H I'^dl ng ir Ban- 
del 1 \ XlII S (Ivlic In sg Roy \L Swi DISH Ac \nEMy 

I oit ckr i *T ( \tr nidalhl i Kon^l S\fn«,k 4 \ c t nsk ips Ak ide- 
n eisSknftc* iS O-iss^, At 1 \V I> dmn a S'^UclJolm 1^84 

Ro\ M S\N FDJSii Academy. 
Kon d j \ S\(n ki \ct<n k p^-Al uicniens 11 indi ivar N\-holjd, 
B H det X\-\\I \\ 1 I 1( * o tlas 4 S(o(kl()’m 

Ho\ \L S^^l DISH Ac \DFMY 
,, I ( Si idstc 1 Kn n »■ I'- ofv r I\<nq[l. ^vcnsl i Xitcnsk-iji^ kadcmiens 

Bird II h dU . s'" Stot,ki o 111, Rc\ \i S\sfDi‘‘ Acadfmy. 

„ Mt! oioio^ivk i I kt » '^els r I \ rgf, Ser n 2, B ii det VIII-XII 

(i St-i 4"St((Mohii, Ro \41 S\m ish Academy 

Ofv rs af Ktri.rl V < tc t ^ is Akndtn cas lo 1 irdliPirar Vol. 
XM -\l V S Si ckloan, ibs| issy Ro\ \l S\m dish Academy. 
Sydnfy — ( atalcm c c f the ‘=^cun 1 in h d s in lli< ]il>rir\ d ll t Roa iI Soeictv of New 
S< Jilh \V lies. Pait I Gt n* i d C italogm b®‘^\dni\ iSbq 

I HC SociFTY . 

„ Journal and Rnrccdne^tf Ro^al S cictY of New South W aks. Vol 
\XIU, p! 1. S S\dn<>.H*^j. iHi Society. 

„ Procet clin.,s ol ll e I irne 111 Siciety of New South Wales 2nd sen \'oI. 

IV, pt. ^ S'' SAdiKY, I^C)0 lHF SociPTY. 

Turin —Alti dell i K Accidcima dellc Seienze di Toiino Vul. X \V, diso 1-2 8* 

lonna, [ u, Academy 

Venice.— A tti del Rcide Istitito Veneto di Scienze, I ettcre cd Arti ^cne \ I, Tomo 
VII, dibp. 10; and Sene VU, fomo I, disp 1 h® Voiuzia, 1^8'^- 1890. 

Ihf Insihuti. 
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I'iiWs ^ Boi^ks. Donoi s. 

ViBNNA.— 'AnnaJen dos IC K. Natiirhistorischen Hofimiseiims. Band IV, Nt>s. 2-4 
8° Wien, iSSg-iSgo. Tjif, Mi/sei'm. 

Dcnkschriftcn der Kais. Akademie der Wlsscnschaflcn, Band LV. 4° Wien, 

The Academ\ 

„ Sitzunjjsberichte der Kais;. Akadoniio der Wissetischaflcn. 

Band XCVII, Abth. I, heft 6- lu; ILi. Iicft 8 -10. 

»» * »> \lbf ff JOJ III) 7 “*^*’* 

«> XCVm, AUh. I, „ 1 — 2; II.'i, „ I—,?. 

»• II >» II^» i> 3 i II^i I "^ 4 * 

8° Wien, 1888-18N, 

The Academs. 

Register /u den Bandcn 91 bis 9') der Sit?iingsberiehte. S® Wien, 18S8. 

The Ac'vdkm^. 

„ Jahrbiich der Kais. Kunig. Gcologischon Reichsanstalt Band XXXIX 
heft. 1-2. 8® Wien, 1S89. 

ImIJI.RI\L OeOL. IVSTIIHIE, VIE\^^. 
,, \’erhandlungen der Kais. KCnng. t'ic»>ioi>ischen Reich*^anstalt. Nos. 13-p 
fibS9) and Nos. 1-2 (1890). 8® W un, 

('lEOL, iNSTTri'ff, Vienna. 

Washington. — Annual Report of the Director ol the Mini for the fjsca! >ear rndinj< 
June 30th, 1889. 8® \\'ashii‘gt»>n, ib8g. l\ S. Mim 


MAPS. 

Carta Geologica della Campagna Romana c Regi< ni IJmurofe in b r,gli od una ta\(wa 
di sozionn Sc.ila di i a 100, otx). Roma. 1S88. 

Royal Geologh At Ci mmi^sion. Romc. 


Abru iSqo. 


G. I. 0 E. 0 , -Wo*» H. O. W. 
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OF 

THE GEOLOGICAL SURVEY OE INDIA. 

Part 3 *] 1890. [August. 


Rtport on the Geology and Economic Resources of the Country cidjoiniiig 
the Smcl-Pishin Railway between Sharigh and S[)intangi, and of the 
Countiy betw^*"!! it and Khatlan , by R 1 ) Oldham, Deputy Supe>in- 
tendent, Geologic'*/ Suizey of India, (With a map ) 


Area described. 


Oiliest rorks seen. 
Numniulitir 


I. — SiRATIGKAPHY 

The area to be described in the foMow’ng report conM>.ts of the countr\ adioinin^ 
tlic Sui 1-Pibhin Railway bawcen Slnngh and ^j^intangi, 
together with the countrv Lxi^nding e^^stv ird trom S})intapgi 
to Khattan. (Jt lliat poition winch lies near tin riilwa\ ro prcMOus accounts appear 
to hive been publishe i, except the cursor) dtscnption In Dr Bl^nford,* an 1 a brief 
report hv Mr, K. A. Townsend of Kh ittan it'-c’f .Mr lowimnd hts written an 
excellent account,'^ published in the Records of the Geologic il Si]r\e) 

The oldest rocks seen aie oxpctscd close to the 10 ’ '’rnm Haruai i Loralai, 
about eight miles from the loimer p'kc Ibri ic gorge 
of the Miiib opens out into an amplnlhealic ''Ome foiii 
ituIls long b) two miles broul, sunoundcci on all sides 
b\ prccipitou*^ scirps of limestone In the centre ol this anpliiiht. ^tie tliv.re ri^es 
i slnrpl) tiildecj aniicliinl hill of compact gre) unfoss Iiferous limestone The s^me 
limestone is seen m the Tarai Tingi, further casiwcods, but nothing is known of its 
lower limit or thickness. 

1 he next beds, in ascending order, arc gix.cn and grc\ shaks^ occasion illy im- 
pregnated with organic mi'lcr. at th^ to^ which come 
Chappir shales, somc hundred tcet of purpk and green shales and sh d\ lime- 
stones. One band of bright purplish red limestone about 10 or 15 t^,ct ih ^k, is 
very conspicuous and its outciop can be triced light loup i the amphitheatre , with 
this exception, the colours are not confined to piUicular be Is, but bands of puiplish 
colour ramify through the rock, passing irrcgidarl) through its mass nrespectivo 

> Mem Geol Surv Ind , XX, 86-9J 
» Proc Govt Ind. P W D , November ibS4 
3 Rec. Geol Surv. Ind XIX, 204 ?io (ibSO) 
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of (he original bedding. These beds arc precisely simiiar, in lithological characters 
and in slratigraphical relations, to those exposed in the centre of the Chappar if/t 
and they may with advantage be distinguished as the Chappar shales. 

Although these beds do not contain any beds of purely volcanic origin, v^hether 
^ ^ or ash, either in the Mfrdb Tangi or in the Tarai Tani?i 

activity.^ ^herc are distinct traces of contemporaneous volcanic 

activity in the shape of small rounded granules of glassy 
quartz, angular scales of mica and, in some beds, a distinct proportion of fine 
volcanic ash mixed with the sediment of which they are composed. 

No recognizable fossils were found in this group, but organic matter is not 
Thickness uncommon, either as compressed fragmentary plant remains 

‘ or as a structureless impregnation of the general bckly of the 
rock. The thickness, which was not estimated with any degree of accuracy, is about 
60.) to 700 feet. 

Above these shales come compact bedded blue or dark grey limestones, gener- 
ally unfossiliferous in the lower portion but the upper beds 
Dunghan ]imei>tonf. contain numerous fossils which, as a rule, arc only seen in 
section ; among them nummuliUs occur in considerable abundance. I propose 
to call this series of beds the Dunghan group, or Dunghan limestone, from the high 
hill, east of Spiniangi, of whicii it forms the greater portion, it not the whole. 

Near the top of this group a peculiar form of limestone oc( urs, called a “ marine 
conglomerate,’’ by Mr. Townsend ^ ami a limestone 
pseudo-conglomerate, [jj-eccia *’ by Dr. Blanford ; ® the latter observer desenbos it 
as consisting of ''dark-grey angular limestone fragments in a somewhat paler lime- 
stone matrix. Both fragments and matrix contain small mmmultks, and sometimes 
alvtoiina\ and no constant difference has been traced between the forms found in 
the two portions of the rock.” The resemblance of this rock to a conglomccale 
or breccia, composed of fragments ranging to several inches in diameter, is often 
\ery striking and it is, at times, almost impossible not to accept it as of clastic origin. 
But the local occurrence of this structure, the absence of any trace of such violent 
clastic action in the associated beds, the absence of any apparent distinction between 
the fauna of the matrix and of the fragments, and the fact that there is every gmda- 
lion from a mere mottled limestone to the mpst conglomerate-like variety, all point 
to the conclusion that the structure is in reality of concretionary origin. 

The total thicknes.s of the limestone cannot be measured with accuracy, hut 
three independent estimates were foimcd which gave fairly 
concordant results varying from 1,500 to 1,800 leet. The 
highest of these cffti mates is, I believe, the most accurate, and practically the whole 
of this great thickness consists of limestone, varying in its degree of purity, but with 
no noticeable bands of shale. 

At Khaltan pseudo-conglomerate and overlying flaggy limestone are foulad, 
precisely similar to those of the Harnai valley, and one would 
Dpnghari group .it naturally regard die beds as of the same age; but, if so, the 
character of the group varies very much in the two localities. 


Thickness, 


Kh^htUn, 


' R«c. Geol. Surv. XIX. 203 (1886), 
* Mem, Geol. Surv. lod.^XX, 45 (*883). 
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The eastern termination of the anticlinal hill at Khattan, though cut by faults, pre- 
sents touch the same appearance as those which terminate along the Harnai route, 
and there is no indication that the whole hill is not composed of limestone ; yet, 
at the head of the tributary valley, which joins the Khattan stream just before it 
joins the Chakar, this limestone is seen to be underlaid by shales very similar to 
those of the overlying Ghazij group, and in the borings it was penetrated with a verti- 
cal depth of 152 feet, * or allowing for a dip of 20^ a thickness of 143 feet, shales 
with subsidiary beds of limestone predominating below it. In the tributary which 
joins the Chiikar from the south, next above the junction with the Khattan stream, 
a deci>^r section is seen ; a great thickness of shales is underlaid by the pseudo- 
conglomerate which was estimated, though not measured, as over ico feet in thick- 
ress : below it comes about 600 feet of shales followed by a band of dark limestone 
lull of oyster shells, and below that more shales and sandy beds.^ From this it will 
be seen that, if this band of pseudo-conglomcrulc marks the top of the Dunghan 
it is cither much thinner or much more argillaceous in its character than near 
Harnai and Spinlangi. 

()verl>ing the Dunghan limestone, there is a great thickness of grey and olive- 
green shales, with subsidiary beds of lime and sandstone 
Cikazij group. 1 locally, of coab This I propose to distinguish as the 

Hha/ij group, naming it after the valley which runs down from near the Dunghan 
mountain to Spintangi. The group consists principally of grey and olive-green 
shales of various degrees of hardness, which ha\e, for the most part, a somewhat 
concretionary structure, causing them to weather along pphcroiclul fracture surfaces 
well as the, usually more or less flat, joint and lamination planes; there are 
mimcrous concretions. dilTcring from the general inalrix only in containing a larger 
proportion of lime, which not infrequently contain organic remains only seen in 
section on the fractured surface. Interbedded with the shales arc, in places, some 
bands of brown ferruginous sandstone, usually thin and insignificant compared with 
the shales ; an exception to this statement must, however, be made as ards the 
upper part of the group, especially towards Harnai and Shahrig. 

Near Spintangi only a few thin carbonaceous beds, but no coal, have been found 
in this group ; near Sunari station some thin bands occur 
Present distribution of group, and near Harnai there arc several 

bands of coal, some of them thick enough to be worth 
working; at the same time sandstone becomes much more abundant in the upper 
part of the group and several beds full of marine fossils occur. Near Shahrig the 
development of coal, sandstone and marine fossils is even more conspicuous; in 
the valley of the Sluhiig stream and in the side valleys draining ir< ; it coal out- 
crops may be counted by the hundred, though these do not represent so many 
separate coal scams. The beds are much contorted, and arc many repetitions ; 
still, after making every allowance, there must be some eignt or ten or more scams 


’ This is taken from the “ Log of No. i boring at Khattan,” printed in the Proc. Govt 
Ind. P. W D . iune 1886 : in a previous volume (XIX. p. 209) of these Records, there is a 

section, apparent^ of a different boring, although the total depth is the same, m which 215 

fc_*t of limestone are recorded ; this would give a reduced thickness of 202 feet. 

» At a still lower hori/.nn Mr. Townsend has recenlly discovered a number 'of fossils 
including and some fragments of those aberrnnt.forms of ammontttda which 

are found in cretaceous beds. 
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of over four inches thick, besides numerous thinner layers, while both shales and 
sandstones teem with thin papery lamince of coaly matter, and leaf remains are ex- 
tremely abundant. Associated with the coal and sandstones are many fossil shells 
all of shallow-water type, frequently forming beds of shell marl and not seldom 
mixed up in the most extraordinary manner with the coal seams. 

I have no doubt that the local distribution of the coal is due to an original limit- 
ation of the conditions under which it could be formed, 

fJrraallon'' P®"'®" 8^^®®P 

and Shahrig is of deltaic origin, and that these beds are 

elsewhere represented by shales of sub-marine origin, in which coal could not be 
expected to occur. 

The development of sandstone beds which accompany the coal has already 
been noticed, and in these innumerable fragments of leaves. 
Fossil plant renwiins. Occasionally fossil wood, can be found. The leaves 

where recognizable arc almost universally parallel veined, shewing a great pre- 
ponderance of monocotyledonous vegetation. The fossil shells occur with both 
valves still united, imbedded in the mud in w^hich they lived and died ; in fact the 
whole appearance of the rocks indicates deposition in the immediate pioximitv oi 

^ land : just such conditions as exist in a modern iropical nr 

Deltaic conditions. , . , , . . , ^ 

sub'tropical delta in which deposition proceeds tianquilly 

with alternations of sand and mud. As the deposits from time to time reached the * 

surface of the sea a rank vegetation established itself, which is now proseived as 

coal, while, in the creeks and backwaters, decaying vegetation mixed with mud to 

form the numerous layers of carbonaceous shale. This delta never extended hevond 

Spintangi, and ii was only late on in the pciiod of time represented b\ the gioup 

that it extended as far as Sunari, where a few’ thin bands of coal and carbona. .ous 

shale w'ere formed before the land once more sunk beneath the sea and allowed the 

clear deep water limestones of the next group to be deposited. 

Near Harnai a band of strong conglomerate is found, close to the top of this 
group» is seen everywhere between it and the hills 
south of Shahrig, always occurring some distance above the 
uppermost bed of coal or carbonaceous shale. The pebbles range to four inches in 
diameter, and sometimes more, being composed piincipallv of rod, grey, j-ispideous 
or cherly, rock, but there are also numerous pebbles of grey limestone, in none oi 
which have I seen any trace of a fossil. These limestone pebbles are piobably 
derived from the cretaceous limestones which arc known to occur at (hflerent spots 
in Baluchistan. 

Owing to the softness of the beds composing this group they have been dis- 

, turbed in a most capricious manner, and it is diiricull to 

Thickness. . . . , , , . xt • -4 .r, 

estimate the Ih^ckncss with accuracy. Near bpintangi » is 

not far from 3,000 feet, but at Shahrig this Ihickne'JS must be considerably exceeded. 

Towards Kliattan the thickness appears to be less, not more than 1,500 to 2,oco ffcct, 

according to the horizon at which the upper brail is drawn. 

Above the Ghazij group there comes a series of bed.s which, owing to their litho- 
. ^ logical difference, I have separated under the name of the 

*ngi group Spintangi group. There is, however, a pci feci conformity of 


Conglomerate. 


Thickness. 


Spinlingi group 
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stratification between the two gioups, and, though there is no difiiciiltv in separating 
tiicm at and near Spintangi, the ^ame cannot be said of otlier parts of the country 
examined. The following is the section of ihe group as oxpisrd in the cuttings 
along the line of railway and the military road at Spmtangi — 

tCtt 

I Crenm coloured couip a 1 nodu! irlimesitont contain r»^ m abuithiicf 


of ufnmulttes Alveolma^ . , ,^g 

2 Compact pnle f'rey . , 24 

j (lap pnncipallv . , iq 

4 Comp let pale grey bmestone . , 

5 Nodular hnitstones and some shale not well sten • j« 

6 ComiAct ptle grey limestone . . -y 

7 G ip app irontly principally pale ochr»*ous shales and s hn e^s me 1 «; 

8. T im»si<uits, somewlnt nodul ir , n ^ 

9 Cap apparently pnncipdly sh ilc" mostly pale olisc ^rreen ai ^ me 

stonr binds and a btd of gypsum . 265 

10 Shalfs marls ind limestone*! the pr< vii mg c occurs are p i f fr i»h 
grey to white, but some thn hand** of o J^e sliale occiir 
PI NckIuI \r limestone . . 60 

r I r sL I IS 


The nodvihr limestone,' icfcrred to in the abo\c seaion is a pale usinnv 
cllow lo^oired, litnesione comput m th ctnlic of the nodules but soft anti Cirthv 
lookin^ on the ivcathercd surface Ouin^ to the resistance ofTered l\ the no lulcs 
0 the Ktion of the wi-ilhir iKino; c^reitcr than thit of the inici ven n^Miiatiix the 
lilt r has b< cn (hbsoKed out neai tlic surf ice, and the r in eon^Cfjucnte, oben 
uquires vcr> in leh the apjietrancc of a I mestone c onj:I(>nKr lU li is e\ikmlv 
»hc same* rock ^ i*' described b) Mr Giicdiich in the Bolm 

hven at Spintan^^n there is a band of similar limcslones detache i I'rom us asso- 
ciates and interbcdd^ul with the suidsiones of the upper part 
Trirsitiuu between the Ghazi] qroup, and, near Ka ’ there arc se tl bands 
of simihr rock, overlaid b\ a considerable thiekne ot sand- 
sioncs and shales among vshich are some thin carbonaceous bands At Khaltm the 
diffieuhv of sqiarating the two groups is even greater The crest of the sen p oppo- 
site Khattan is composed of nunimulitic limestones uhich appear to correspond to 
Xo- I to 6 of the section at Spinlaiigi , below them comes a senes of beds oi 1 me 
atone and olive shales, among which arc no less than three beds ol gvpsum, a thin 
band of bad coal and, below (h's, four bands of nodular limestone, prccisr’\ siinihr 
m t)pc to those of the Ijpical Spmtangi group, arc interbeddcd in oli\e shales of the 
Ghi/i] type. 

Above the principal band of compact limestone at Khiltan, which has an un- 
measured thickness of several hun ireds of feet, olive '* ales 
Kh^ittan^ gipbiim comc in once mort ol the^e, the following 

section has been measured bv Sub-Assistant Ilir^ Lai in the 
neighbourhood of the road to Khutan - 

feet, 

S'; 

100 

12 


1. Pile limestone 
2 Ohve sh lie-* 

J W hitiah and carbonaceous sh-j s 
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4* Marly beds and ferruginous nodules’ » 

5. Carbonaceous and ferruginous shales . 

6. Nummuliferous limestone, argillaceous above 

7. Greenish shale . , . , ^ 

8. Brown and green shales 

9. White limestone .... 

10. Brown and olive shales 

If. Gypsum ...... 

I a. Olive shales • • , • 


The section is overlaid by Siwalik beds and underlaid by nummuliferous lime^ 
stones of the Spintangi group. 

At its upper limit the Spintangi group is cut off by a slight but distinct uncon- 
formity, hardly noticeable as a rule on individual sections, 
'*^*^^*^* palpable by the distinct overstep of the upper 

beds by the rocks of the Siwalik system. ITius the whole ot 
beds Nos. i and 2 of the section just given are lo>t in the KoiiraPani, only two miles 
off, and the whole of the section is lost long before wc reach Tung. North we^t 
of Spintangi, in the hills west of Ilarnai, the Spintangi group is very much reduced 
in thickness and, towards Sbahrig, only about 60 to 100 feel of limestone appears to 
be left ; but whether this is altogether due to the removal of the upper part of the 
group, or in part to the replacement of the lower by sandstones and shilcs of 
the upper Ghazij type, could not be determined with certainty. 

One of the most remarkable peculiarities of this group, and one very diiriculi 
to explain satisfactorily, is the occurrence of beds of gyp- 

Peculiar occurrence associated with clear fossiliferous limestones. The 

01 gypsum. 

accepted explanation of stratified deposits of gypsum 
requires an inland sea, or shallow lagoon,' in which water can be concentrated by 
evaporation, and, in conformity with thi.s, gypsum is usually found associated wiih 
red unfossiliferous clays or sandstones. Here, on the other hand, the bods in imme- 
diate contact with the gypsum are green or grey shales, not infreiiucnily fo.Nsili- 
ferous, only occa.sionally shewing a tinge of dull red, and with these shales arc 
inlerstratified bands of clear, highly fossiliferous limestone, tliat must have been 
deposited in an open sea, free from any kind of sediment. It would almost seem 
as if some beds of limestone had been converted m si/u into gypsum ,* and, though 
it is difficult to understand why only some of the beds should undergo such a 
change while the others show no trace of it, the hypothesis rcceivc.s some .support from 
the fact that, near Sunari station, several of the beds of limestone and marl contain 
numerous irregular lumps of white saccharoid gypsum, which at times form alnwst 
half the whole substance of the rock.,i* These inclusions arc doubtless of chemUal 
origin, subsequent to the deposition of tfie beds, and a continuation of the sajhic 
process would in time have converted the whole into beds of pure gypsum# 

The area occupied by Siwalik beds has been only very cursorily examined, and as 
regards their general characiers there is nothing material to 
Siwalik system. already published descriptions# The uncon- 


’ Pyritotts ? r. d. o. 
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Unconformity of con 
tact. 


forniily at its base, indicated by the overstep of the upper beds of the Spintangi 
group, is also shewn as an actual, though not very conspi- 
cuous, unconformity of contact. The rao.st conspicuous in- 
stance is in the cliff section on the left bank of the Chdkar, 
close to the road to' Khatlan; here olive shales are overlaid by a bed of pale lime- 
stone whose upper surface has been distinctly eroded before the deposition of the 
ovcilying Siwalik beds; another more easily accessible instance is in the railway 
cutting close to the tunnel at Spintangi, where, a foot or i-o above the base of the 
Siwalik sandstonc.s, a band of conglomerate is composed of pebbles of compact 
pale-coloured nummuliferous limestone, precisely similar to the rock through wiiich 
the tunnel is driven. 

Besides these proofs of unconformity, there is a distinct overlap of the lower 
A d ovcrla beds of the Siwalik system. In the hills west of Ilarnai 

’ the lowest beds of the Siwalikb arc print ipally clear grey or 

greenish grey sandstones, which, w’hen .seen from a distance, contract very con'^pi- 
cuousl) with the ovcrl}iiig dirty jjcppcr-and-salt sandstones and red earthy clays. 
Fins suae lower gioiip of sandstones is .seen un the Sj)intangi section, and c".n be 
traced eastwards continuous!) to Tung, pic.scrving all this w.iy a considerable thick- 
ness Nurving, ut an ert;?. .;te, from 200 to 500 fotU Betond Tung it thins out ; near 
I\lirdld it is haidly. if at all, represented, and on the sections near Kuuia Kuir.b, 
about JO miles from Khatlan, there is no tract‘ of ibe^c lower .‘'aiaKtonos which have 
been completely overlapped by the overlying dirty sand^tones and red earthy clays. 

Recent and sub-rccemt str^ am dci)Osit> aie largely developed in the vallcvs ; they 
consist of fine and coarse gr.ivol and coarse suidy stuff, pre- 
cisely similar to the debris brought down by the streams at 
the present time. The gravels arc everywhere cpiile undis- 
turbed, and have only a gentle dip due to the original slope of deposition; rarely 
a local dip of 25° to 30° can be found, one instance being by tlie .side of the 
railway l)etvvcen the tunnel and sUtion vat Spintangi, fui^iher ab three miles 
east by north of Seni vilkige. Tlie exi>lanation of these local dips i. a be found 
in the su<iden floods which scour out deep hoKs, afterwards tilled up again as the 
stream subsides. It is .h peviiharity of Hood*', in vi counir) dovoiv' of vegetation. 
ih.at they rise and tall with great rapidilv am! the cessation of power to excavate or 
keep excavated a deep pool would be abrupt ; alter that the falling stream would 
sweep Its debris into a poo] of .still water, forming a delta with a sleepU sloping 
termination over which the debris would roll down. In the instance at Spintangi 
there is, in close proximitv to the mcliued bods, a rib of limestone standing up 


Rf»re>it and •iub-recent 


in the gravels, which would quite account for the excavation of a pool in its 
proximity, and it is to be noticed that, in the only two lnstan^.^^ where a dip, 
stcepej than the general gentle slope of deposition, has been fouml, it is exiicmely 
local and coincides with the natural angle of repose of th gravels in water. 

In this connection must be mentioned the numerous and often extensiv'e 
deposits of tufa or travertine scattered about tlie vallevs 
Tufa deposits. ^ capping the terraces of gravel. They have evidently 

been formed by springs, the most t onspicuous of whose few and feeble modern 
representatives is that directly opposite the station of SpinUngi. 
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II.— Structure. 


Anticlinal flexures. 


Along its northern and eastern limits, the country examined is marked by a 
series of anticlinal flexures advanced one beyond the other 
in echelon to the west. The most caslerly of these is that 
which terminates at Khattan. Almost due north of it another appears to terminate 
in the hill of Gidari, but this has not been examined. North-west of this another 
anticlinal terminates at the Miri lull ; a fourth forms the Dunghan hill ; a fifth the 
Galusha hill, which ends opposite the Spiniangi station ; a sixth is the ridge of the 
Pfr K6h; a seventh terminates near the village of Seni'; and the last and largest forms 
the high ridge north of H.irnai dying out to the nonh of Sliahrig after having sent oil 
a small offshoot just west of Mfrab Tangi, 

These anticlinal axes appear to be one and all offshoots from the great region ol 
elevation wliich lies east and north of the Harn.ii route 
of devatio^n Quetta, and as their cores aie composed of the hard 

Dunghan limestone, they form a very conspicuous orogru- 
phierd as \Nell as structural feature of the country. 

Bi^t'veen Spmtangi and Ilarnai this system of east and west folding gives way on 
the line of its strike to a simide monoclmal foKl which 
clinaTflexute mono- brings in the SpinUngi group and Siwalik bals. Abo\c 
Harnai, and in the Ghazij valley, there Tire first of all syn- 
clinal folds in which ouihcrs of Spintangi and Siwalik beds occur. The monocinuil 
fold which forms the main boundary of the Siwalik system pie^jcrves on the whole 
a very steady direction, var}ing from about wesl-norih-west and east-souih-easl lo 
noith-west and south-east, w ith but few sudden changes of strike or interruptions ut 
continuitv. 


The first of these interruptions is south of Harnai, where il is cut by an ann- 
clinal fold which tujns the boundary sharpie to the south, 
^ further east, it turns as shaipiy to the north, and a 
couple of miles be>ond the first bend resumes iu original 
course. A second is about six miles south-east of Spintangi. and tonesponds to the 
termination of the Dunghan anticlinal and the coming in of a synclinal foKl, in the 
Ghazij valley, directly on it.^ line of strike; here the dip of the beds is irregular, 
anti the crest of the ridgt formed by the Spintangi group is shifted about half a 
mile to the south-west. The third is a combination of anticlinal and synclinal 
folding, which causes the outcrop of the Spintangi group to take a sharply horn 
sigmoidal course near Khattan. 

The dip of this raonoclinal flexure is generally normal but in places re\ersed, 
Skew flexures *’ pro. and the change from normal to inverted dip is generally 
dttcing app^rance of sudden and abrupt by what might be termed a "‘skew 
flexure, were it necessary to invent a name. 1 he sharp 
twi.siing of the licds where the dip changes suddenly from normal to reversed h>s 
fissured ;hem and set up a region of comp'irative inability to resist denudation, with 
the result that a stream valley has established il^elf on every one of those twists, and 
a further result that the outcrop of the harder bods can be traced continuously 
arching over from a north-easterly to a south-westerly dip. Looked at from a 
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distance this bending over of the outcrop, which is especially conspicuous about six 
miles south-east of Spinlangi, produces a most deceptive imitation of an anticlinal 
fold, but when the section is examined on the ground, it is seen that the opposing 
dips are not on the same line transverse to the strike and are separated by a zone 
of irregular dips often directly along the general strike of the beds. 

At Spintangi and Tung the compact limestone beds, forming the core of the 
ridge, have a vertical dip, while the softer beds of the 
tur?' "ra*!- Si)intangi group to the north and of the Si«aliks to the 

south, dip inwards towards the centre of the hill. This 
peculiar structure, combined with the similarit) in colour between the upper shales 
of the Ghazij group and the lower satidsioncs of the Siwalik senes, led me, when 
passing Spintangi in the train, to regard the ndge as either a fan-shaped anticlinal 
or a sharply folded S}nclinal flexure. A more caicful examination of this ridge 
and a comparison of it with other sections lias shewn that the j-ection 1*5 continuous 
from bottom to top, and that the soft beds have been squeezed out below by pressure 
against the hard limestone core, producing whai ma> be called a monochnal fan 
striictiue. It may be that the comparative absence of ’^hal} beds from the Spin- 
tangi group at Spintangi may l>e due to their having been w]ucczed out during the 
great compression of If c bods re<iuire<l to pioduce this slructiire. 

A noticeable feature in the stiucture of the countri examined is the absence of 
great faults. 7 litre are numerous small faults, too sin ill to 
marked on the map, ihouuh e\en these aie less abundant 
linn one might have expected, but there arc no great 
mister faults, such as are usually abundant in highl} ibstnrbcd distiicts. One 
such does seem to run past the foot of the Kahphal hill, and thcnce east-south-east 
pa'*! the cAinjimg ground known as nerkele}‘s bottom, on the road fiom Ilarnai to 
Loralcii, but it is outsnlc the area examined, ami its exist mcc lia> not been tstab- 
!l^llod. In the Siwalik area between Spintangi and Nan there may be some faults 
of large throw, but the gioundhas not been examine 1 in suflicient I to deter- 
mine this point With these possible exceptions, the beds have n .tdv been 
till own into a senes ol folds, rificn \er> shaip, but, in general, unaccompanied by 
an) faulting except on a small scale. 


111.— Orography and Hndrographx. 

There ts a very close connection between the orognphy and the structure of the 

^ , count rv under description, though the connection is as usual 

Connection between ^ , , i » n 

orography nnd struc not direct, but indirect; Inal IS iosa>,the lulls are not 

turo, indirect. always rcgion^ of special .structural chwation, the vallcis 

of depression, and even where they are, the surface features ha\e been profoundly 
modified bv sub-aenal denudation; but the disturbance of the beds has brought rocks 
of very various degrees of hardness within the reach of . in and livers, and these, 
acting at different rates according to the rock attacked, have carved out the present 
contour of the ground. 

The various anliclrnal axes in the Dunghan limestone all form conspicuous hills, 
and are the only ridges which are stiucturally axes of eleva- 
tion. Even in these, the present contour of the ground is very 
differcnl to what it would be were all the beds replaced, for the whole of the Spiii- 


AnticHnat 
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tangi and Ghazij groups, probably also most of (he Siwalik system, bare been washed 
aw'ay. and the hills are now grey iiog-backs, nearly destitute of soil or vegetation, 
ihc surfaces of which arc often formed, over large areas, by a single bed of 
limestone. 

The outcrop of the Ghazij group is ever}^vhcrc marked by low ground, while the 
Spintaugi group, owing to its superior hardness, alwa)<s 
stands upas high ground. Above Nasik, whore the Imic^ 
stones ot the Spintangi group are rmuh loduccd ni thickness, 
the massive sandstones of i)ie ^ower part ot the Siwalil; sjsicni help them to foini 
the bMulinal hills south of the hne ot rLiilway belwcon 
llarnai ami Shahiig/as well as the conspicuous scarpul 
ridge, separated from these lower hills !m an anticlinal axis, along which beds of iho 
Gha/ij group crop out, and inaikcd evoivwhere by a comparative depression of the 
surface. 

But, though there is this close connection betw'ccn the structure and Orographv, 
the hydrograph) or firainage of the country shews a com])lcte 

Hyihography inde- indepemlence of cither, 'lo the east the area eximincd 

not buflicientlv extensive to give main instances of this ; lot 
both the Chikar and the Bheji rivers break through the hiijh ridge of Spintmiri 
limestones. In the long valley-like depression, occupied by Gha/ij 'shales and sab- 
recent river gravels, which extends from Spinttngi lo beyond Sluhiig, ihcu* aic w> 
less tlian four streams that flow directly across the strike of ami ihroueli the 
formed by the limestones of the Spintangi group ind the siiidstoncs (;f the Sivaiik 
system : a fifth cuts through the continuation of the same tidge about four milis 
west of Shangh. Moreover, of these live stieiim, no le‘is ih m four entet llu* low 
ground through gorg<'S or “ Tangis in the aniuliiial lulges of the Dunuluii nine- 
stone to the north. The .stream westot Shihiig is the same that carries the drain, 
of over a thousand square miles through the famous Ghappar rift : ihe Nasik stream 
ilows out through a gorge ncu Wangi, six miles noah-east of Siiahng : the IGmu 
stream issues from the Wan Tangi ; and the drainage ot the Mfiah Tanci. ihroiiirii 
which the road to Loralai is carri* d, and of the I'arai rangi, flows out rhiough ilu* 
Spintangi near the station of lira name Tli ’re are thus not only five woiges 
b) which the drainage cuts through the scarp aiul across the stnke of the Siuntuigi 
hmestonc, but there are four, or, if we include the Chappar, five. lifts through wliicii tlic 
drainage rimls its wav across an anticlinal iidgc, i./., an area of special cdiwuuon. 

The popular explanation of this feature i^, that the lifts canrl gorges aic gaping 
fis.sures through which the streams have found rm exit* 
of figure fortunately fa,sl dying out , it has often been 

refuted, and rs insuJlkicnt in itself, as it fads to account tor 
the excavation of the valleys leatling up to the gorges; moreover, it can be distinctly 
disproved in this neighbourhood, for not inficqucndy the 
**^**^^ ^ traced ccntinuoufily across the bed of ilte 

stream without the slightest breach of conlinuity.t 

^ an exception to thU general statement, there i$ it confpicnou’t fault in the Splntanjd, 
but as it makes an apgb' of 60" with the general direction of tlm gorge, passing out of om* side 
of it, anih after eroding ihc stream, into the other, this fault cannot be said to help the 
hypothesis. 
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Another explwialion once, aiul still to a certain extent in vogue, is that the streams 
By plane of marine formerly flowed at a higher level than the tops of the present 
denudation , unsupporu hills, over a plane of marine denudation which, sloping 
^ across the strike of the rocks, gave the streams their initial 
diiection, and that the contour now existing is due merely to sutjainal denudation 
acting on rocks of various degrees of hardness. 'I he assuniplion of a phne of 
marine denudation would be entirely gratuitous; no tiacccf it remains, and it is, 
besides, only necessary, if we also assume that the distuiluncc of beds was alto- 
gether prior in date to the establishment of the present dr image sjslcm. 

The third hjpothesis, suggested by Dr. Hlanfonl, is tlial the elevation of the 
7 bird hypothesis dis- hills, OF, to speak more corrcLtli , the disuirbanse of the strata, 

turbance of be^d*! nawer w'hicli, by e‘xposirig beds of Narking baidncss to the action 

than di .image system subaciial dt nudaiion, led to the unc^^ual erosion of the 

surface' and hence to the formation of the j>rosent contour, is of more recent rlale 
than the drainage system; Init that the tlistuihiiue Iris been suHiciciitl) slow for 
the streams to maintain ibcir original courses b> erosion. 

Cesides being in itscU the best InpotiiC'-ls pioj o^cd, lliC»-c i- a certain amount ut 
evidence in its ; for ii cau W sluwn that sinvc the 

c. * nt dra»ir>u:i svstem was estaldishcd, the scaiped ndge 

r<*4 cut ataturljuiico. * > i o 

south and west ot the railway fioni Spinlangi to Shuhrig has 
been subjected to elevation, and dicre is no leason whv tins ridge should have been 
elevated while the rest of the (ounliv Tcmamed stationary. 

Throughout the dcpicssiun binned by ilic Ghazij group there arc extensive 
Ricer grave’s rxiend- ^hposiLs of nvcr gt.ivcK to a height el, at times, some 

ing down to jjtrcam hundreds of iccl above iht pie^ciit stream beds. These in 
thonv elves prove noth.ng, tor Ihev might well be mere tcirace 
dcjiosits formed by ibc ^ucJ.ms as they gradiiilh cut tlieir \allc)s downsvard, but 
licic and there the graveds can be S(cn extending right down io <he level of the 
vStroaiu b(d. There is i)ne vcr> conspicuous instance a’ « nt a nnle c of llarnai, 
where some clifls over 1^0 feet in height aie tomposul ol river grrvtls rougliout, 
and, opposite the .^p]iit.Lngi station, there is a terrace of anavcl rising So feet above the 
present stream bed. 

These gravel deposit^, extending nght dn.vn to the present level of the ^trcani, 
sliow that the vallev hid been cut down to us present depth, 
Prove recent t,cvat>on. curieut \va> llicu chc^kcvl bv a comparative eleva- 

tion of the bed in u lower portion of us course, ami that tlio sueiin began to fill up 
Us valley witli grued till, the conditions bemg once more changed, 11 cut down again 
ihiough the graiels it had ilopositcd. 

ir \vc turn to the g<ugcs through which the slteams liiul their lau lO the south- 
Gorgef shew a wcst, wo lind thc same slor> told. Without except.c 0 the 
period of stability fol- stream bcds arc nan owed in IL gorge and from them the 
lowed by elevation. sides Use shcci with a nearly veitical face to a height of 

some 50 to 80 feet; at the lop of this vertical lace of rock the valle) suddenly 
opens ^ul, and the s1o|K's sink to 40*^ or less. 'I here can be no doubt that 
this upper open portion of the gorge marks a period diirjng winch the stream 
ht;d had attained a condition of comjiaialivo ccpiilibriumt and the deepening of its 
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channel went on so slowly that frost, heat and ram were able to disinlepfrate the 
rock and slope away the sides of the valley. Then the bed of the stream was 
elevated, and this would have a tw^o-fold effect : in the fust place» the current of the 
stream would be checked above the gorge, it would no longer be able to carry its 
burden, and river gravels would be deposited in the valley abo\e the gorge; in the 
second place, in the gorge itself, the stream would begin to cut down its bed at a 
more rapid rate than before, more rapidly too than the action of the weather would 
be able to slope away the sides, and so the low^er, vertical sided portion of the 
gorge was formed. 

VVe have then, whether we examine the deposits of the streams or the gorges 
g ^ through which they escape, the same talc of a recent cleva- 

umnung up. scarp to the south of the route beUveen Spintangi 

and Shahrig, and, as I have said before, it is not conceivable that the disturbance 
which has taken place since the diainage system >vas established should have been 
confined to this ridge alone. 

Although the drainage system has maintained its general character during tin* 
disturbance of the strata, yet there must have be»‘n manv 
dr^nage minor changes. Thus the streams whi( h drain ihe snudiom 

slopes of the Kaliphat mountain, after collecting together, 
divide, part of their water joins the stream which flows from Mangi thion.^h 
the Chapi>ar rift, and part escapes through the gorge south-east of Shahng : no doulit 
during the history of this stream it has, at limes, discharged the whole ot its watois 
through one or other of these gorges. So too, the stream tha now issues at W'un.fi 
and flows down to Nasik has doubtless at one lime flowed over the Tungah uplands 
and out through the gorge of the Shahrig stream. The shape ol the old fan of the 
Wan Tangi stream shews that it loo at one time flowed out of the Nasik gorge an<l 
not, as now, past Ilarnai, while it is not impossible that the wat<^rs of the MfiAh oi 
part of them may once have flowed through the same gorge, and it is ceitain Ihu 
they must once have flow^ed through the gorge of the Ifarnd riv^r instead of, as now, 
running down to the Spintingi. All these changes, except possibly in the case of 
the Shahrig stream, are of extremely ancient date, measured by human chronoh^i»\, 
for the present streams have cut for a considerable depth into their old fans v'hich 
are besides scored with innumerable ravines cut back into them to depths ranging 
to a hundred feet or more. 

IV.— Economic Resources. 

The only mineral products of economic value consist of coal and petroleum, the 
latter of which is at present being worked at Khattan.*^ 

The existence of petroleum at Khattan has long been known to the natives of the 
country. Khattau being, in fact, primarily the name of the 
substance and only secondarily tlie name of the place at 
which It occurs, but it is only within the last few years that any attempt to exjdoit it 
has been made. The oil which flows at the surface, equally with that obtained front 

* Th« pas'iages that follow are not intended an exhaustive account of the occurrence^ 
petroleum at Khattan : this has been fully reported on by Mr, Townsend, but it could not bd 
passed without some notice here * 


Petroieuru. 
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the deepest of the borings as yet put down, is a black, tarry, viscid substance which 
becomes semi-solid at tcmpcraiureS below 60° Fahr. 

It flows in small quantities at the surface, issuing from fissures in the rock along 
with an abundance of hot sulphurous matter j besides the present flow, there are 
abundant traces of former flows in the river gravels at Khaltan, and at intervals up 
the valley for at least ten miles ; it also occuis abundantly both comparatively fresh 
and dried up to the consistence of hard pitch, along fissures in the limestone of the 
l)anghan group and in the Ghazij shales. 

Although the oil occurs in both these grou]>s, it is indigenous in neither ; no trace 
of it can be found in the substance of the rock, but only along the fissures through 
which it flows from beneath. 1 think the same may be said of the shales, under- 
lying the limestone, which yield the oil at present being worked, A careful exami- 
nation of the fragments brought up from the borehole showed no trace of any 
impregnation of the substance of the rock; and the original bource of the petroleum 
must be looked for at a still greater depth. 

At the time of my visit four wells were being pumped, of which one was yielding 
10 b'irrels of oil a day ; in the other thice a good deal of water was being pumped, 
mixed with oil to the extent of 10, 6 and 4 barrels a day respectively, or an average 
of 7.J baircls per diom. At ibis rate it w’ould require at least 25 w'ells to supply the 
50,000 bcjrrcls [x^r annum, which is the amount that would be required bv the 
railway alone. It is possible that futuie borings may )ield a liigher average than 
Ibis, as the rocks at the site of the present borings are very much shaticicd and 
Mileriiecled b> fi‘*sun s along the oil finds an outlet at the surface, while to the 

south of Khattun ilicie arc some three or four square i..iles over which the shales 
liO hori/ontil or nearly so. The cover here is much better than at Khattan itself, 
and it mav be that oil w'ould be found under greater pressure than in the present 
1 onngs. 'I'l.c experiment will probably }>e tried duiing the present working 
season. 

'I ill icccnlly no orcurrence of petroleum was known ''/'Iw'een Kh.tu . 1 and Kirta 
(tn the Itolan, but during the examination of the country under descriplic , numerous 
liaces of it wore found in the Dunghan limestone of the Ilarnai valley. Between 
Spintangi and Ilarnai the railway jiasses to the west of these anticln,..! ridges, all of 
which end up wdth a rounded surface of hmesione. dipping 3w\ay in every direction, 
from w'hiili the overlying Ghazij shales have been completely washed away. 

In cvoiy one of these traces of petroleum arc to be found in the limestone, most 
abundatl on the crest ol the anticlinal where this dips under the shales. If is not 
loo much to say that anywhere along the ternruatum of these anticlinal ridges bitumen^ 
the dried-up residue of the jH'irolcum, can be found by a very cursorv rearch indeed ; 
and even along the Hanks of tlic anficlinals there are here and there localities wdicre 
traces of it more or less abundant can be f(*iind. 

'The most common mode of occurrence is as iuclusioi in calcite veins and, where 
the crests of the uniiclinals run underground and occasionally for some humlreds of 
feet up ih^m, every vein of calcite, whose structure shows that it has been deposited 
by water flowing up Irom below, contains more or less abundant inclusions of bitu- 
men. These may be so minute and scattered as to be only detected after a careful 
examination with a powerful lens, or they may bo so numerous as to produce a 
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brown, even almost black, colouration of the calcite ; at other times they are large 
enough to be easily distinguished by the naked eye, and may range up to quarter of 
an inch in diameter and occasionally more, while the general mass of the calcitc is 
of a white colour. Besides this mode of occurrence the petroleum is found coating 
joint planes, and permeating fissures, in the rock, and those fissures arc often notthe 
principal joint planes but close conchoidal fractures which seem to have been formed 
during the disturbance'of the beds. As a rule, the volatile constituents have complete- 
ly evaporated and nothing is left but a brittle mineral pilch whioh, at any rale during 
tlic cold weather, docs not soften oven when exposed to the sun in the middle of the 
day ; at one spot, however, on the south side of the Pir K6h, and about ij miles 
from its termination, the slull found coating the fissures is sometimes quite soft when 
the rock is first broken. 

At Kbaltan traces of petroleum arc found abundantly in the shales overlying the 
limestone, but in the Ihirnai valley they are few, faint and far between. The differ- 
ence I attribute firstly and principally to the much less faulted condition of the 
beds in the latter, and to a IcsS degree to the fact that, at Khaltan, rapid erosion of 
the stream bed is going on and numerous exposures of un weathered shale can be 
found, while in the Ilarnai valley the stream-^ are in a state of com^viraiivc equili- 
brium, there are vast expanses of recent gravels, and such exposures of shale as arc 
seen, arc nearly always weathered and crumbling at the surface. 

Besides the absence of conspicuous show's ’’ in the Gha/ij ‘shales*, the Harnai 
district differs from Khaltan in the want of any actual flows of oil at the surface. 
This may be due to one of three causes, cither 1 1) there was ne\er a sutliueni amount 
of oil in this region to allow of its flowing at the surface, or u) tlie whole of it has 
alreaily escaped, or (3) the conditions are not such as (0 allow of escaping at the 
surface. A»it is of great economic importance to determine which of these three 
IS the true one. I shall examine them each in turn. 

The first is in its nature as incapable of proof as of disproof; against it may be 
set the invariable occurrence of traces of petroleum wherever the circumstances aic 
such as would lead one to expect them, and their frequent orcurrence where there 
is no special reason to be seen. It is in itself improbable, and while no reason can 
be shown why petroleum should not be as abundant here as at Khaltan, there arc, 
as will be shown, very good reasons why it shouKl not flow at the surface. 

The second hypothc.sis may, I think, also be rejected ; if suifaoc flows had ever 
been as abundant here a.s at Khatlan, one wriuld expect to find traces of them in 
the river gravels, similar to those which arc both abundant and conspicuous at 
Khaltan ; but none such have been found. 

There remains the third hypothesis which 1 consider to be the true one. At 
Khattan tlic termination of the anticlinal in the limestone is cut by numerous faults, 
and it is along these faults that the hot,^water and petroleum rises to the surface; 
in the Harnai \allcy faults arc few and small, and the rocks are so well exposed 
that it is possible to say that they arc practically ab.sent from the ends of the above 
ground portion of the Galusha, Pir K6h, and Seni anticlinals. A far more import 
ant point, howc%er, is the comparatively low lempcralurc of the springs which issue at 
the surface; at Khatlan they range fiom 105'^ to while in the Harnai 

valley, they have mostly a temperature of about 90*^, the highest measured !)cing 
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94'^F. Now, the maltha of Khatlan, and the similar oils that have been obtained 
at Shoran and Kirta, cannot be said to attain any degree of fluidity, a real freedom 
of motion, till their temperature rises above loo^l'ah., so that in this alone we find 
vjuflicient reason why no petroleum issues at the surface. 

Another argument leading to the same conclusion may be drawn from the man- 
ner of occurrence of the oil-shows. The most abundant shows on the termination 
of the Galusha hill are to be found about a mile cast of the station of Spintangi, 
where a small sulphur spring issues, the water of which is led off in an irrigation 
channel ; in the ravine above this spring oil-shows arc very conspicuous both as 
large inclusions of mineral pitch in cal cite veins and as sheets of the same substance, 
sometimes a quarter of an inch thick, lining all the joint planes and fissures in 
the rock. This is not only the jilacc where oil-shows arc most abundant, Imt it has 
the lowest absolute level of any exposure of the limestone of this hill. In the 
second small valley to the north-west of this, the limestone is again exposed, but at 
a higher absolute level, oil shows are not nearly so conspicuous as at llu^ first place, 
but they occur both as inclusions in calcilc and as intmsions along the joint planes ; 
the difference in level between these two localities vvas not measured, but it is about 50 
or fio fevt ; above the first locality bitumen is found at a still higher level up to 200 
icet, but at these higb's ’ ''-Is the only traces of oil found were small inclusions 
in calcite veins. Granting tlul the difference may be in part due to greater local 
laciljiies for the upward llow of oil at the first locaiiiy. it seems as if the larger globules 
of oil Were entangled and <lctained cat the lower level, while only tlic smaller globules 
were carried upwards by the more mobile water to the higher levels. 

At Pir there arc not the same facilities for observing this relation, but on the 
Soni anticlinal we again find this superior rduinilance of oil-shows at lower levels, 
thus pointing to a still greater abundance further down. 

It must be remembered in this connection that the specific giavitv of the Khattan 
oil is tile >amc as that of water at a temperature which has not been precisely 
determined, iiul is about 60^ ; owing to its greater co-efficient of expans' j: he specific 
gravity is slightly greater than that of water below this temperature and , ’ghlly less 
at higlier tchiperalures. In consequence of this the oil would collect under the 
vrest of an anticlinal fold in a permeable stratum overlaid by one that was imperme- 
able ; but if there was a fissure leading to the surface to which both water and oil had 
access, the slight difference of specific gravity would be largely counteracted by the 
greater viscosity of the latter, and the discharge at the surface would be principally 
water, bearing globules of oil in suspension : moreover, the viscosity of the oil 
increases so rapidly wilii a full of temperature as to make it probable that, at tem- 
peratures below ico”, there would be no escape of oil at all. 

These considerations lead me to the conclusion that there is probably an 
abundant supply of oil underground in this district, and that borings judiciously 
placed would yield it in paying quantities ; at any rate iIk xperiment is worth trying. 

The general distribution of the coal has already been noticed under the section 
. • devoted to stratigraphy, but requires fuller consideration 

from an economic point of view. 

The most southerly point on the llarnai route at whicli coal has been found 
is near tltc station of Sunari. A few thin bands occur high up in the Gha/.ij group 



io8 


Records of the Geological Survey of India, [vOL. XXIli. 


and crop out along the face of the hill side. They have been opened out in one 
or two places, and a certain amount of coal appears to have been removed, but the 
thickest scam is only a foot in thickness and quite worthless economically. 

The same coal occurs on the face of the hill west of Harnai station and in the 
valley between this and the Torghar ridge. In this valley better coal occurs at a 
lower horizon, and at a spot about four miles from Harnai station by the path, and 
two miles south by west in a direct line, the following sections were measured by 
Sub-Assistant Hira Lai : — 


Limestone. 

Coal (good) . , . • 

Olive shales .... 
Carbonaceous shale 
Shale, with a band of limestone 
Carbonaceous shale 
Green sha’e .... 
Inferior coal with fossil shells 
Coal ..... 
(vreen shale ...» 

/ Coal ..... 

^ N Carbonaceous shale 


^Cotrl 

yShalc . . . • . 

{Coat 

Greenish and carbonaceous shales 
Fossililerous limestone . 

Carbiinaceous shale 
Green shale 
Cacbonaceous shale 
r Coal ..... 

5 Inferior coal and carbonaceous shale 
(Coal ..... 

Greenish shale with bands of carboniferous shale and coa* 
Coal ..... 


y matt 


er 


5' 

lo' 

2' 

I* 

4 ' 


i6' 

y 


2S' 


6^ 


o" 

o'' 

5" 

o'' 

8" 

r" 

5'^ 

i'' 

4" 

o" 

o" 

4" 

.S" 

8'' 

o" 

5" 

6" 

5 " 


Below $»hal€S, &c,, with bands of caibonaceous shale and cod. 

There are here two very fair bands of coal of sulbticntly good (juality and thick- 
ness to supply fuel for lime or brick burning, though not thick env}ugh. to pay for 
systematic mining in spile of the very favourable assays. i 

In the nullas draining southwards between Nasak and the Pungah gh'it, several 
outcrops of thin scams of coal are reported by sllb^a.s^^istant Kishen Singh. One 
outcrop, about a mile west of the village of Rijani, is being worked by a contractor 
to supply fuel for lime burning. The exposure is in the bed of tlic stream, and the 
fallowing section was measured by me : — 


Cr^^en and grey shale. 

Coal ....... 

Grey '^hale ...... 

C’arhonacenus shale .... 

(ircy bha’es ronUining calcareous concretions 

Coal 

Grf>y and green shales , . , , 

Coal 

Shale. 


nr 

1/ 


I’ 


* These are g ven at the end of this report. No. f ti eipecially good for a surface sample . 
It can hardly represent the average composition. 
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tW bedtl dip to S. 35® W., and the extraction of coal will soon be stopped by 
still $baut 450 to 500 tons of coal can be extracted from surface workings 
in this place. It is a pity that these seams are not thicker, for the coal is a hard 
black coal free from pyrites and makes an excellent coke. It is the best looking 
coal I have seen in this district^ bearing in mind that it was obtained from surface 
Workings. ^ 

At Shahtfg <^eal has been worked for several years, and has been described before 
now. The Section measured and recorded by Dr. Blanford ^ gives a good idea of 
the ge#ral character of the beds conuining coal ; it is possible that this section 
may Contain ^mc repetition of the beds by folding, though 1 have not been able ta 
detect such With certainly either in the section or in the field, but nearly all the other 
numerous exposures of coal in the Shahrig neighbourhood appear to be rep^tions 
of the samo beds or others on the same horizon. Owing to the thinness of the 
seams snd the great disturbance the beds have undergone, it would not be worth 
while to attempt regular mining operations, but coal is being obtained from surface 
workings at (he rate of 70 tons a month, and there is suflicient area of coal bearmg 
beds to supply this quantity for many years to come. 

Gypstim occurs in co^isiderable quantities near Khaitan There are four distinct 
beds of It which range up 10 8 feet thick, consisting of pure 
Gypsnm. pinkish alabaster. This may be worked at some 

future periodi but is of no present value. A band of gypsum occurs in the Spin- 
tangi group at Tung, it can be traced to nearSpmtangi, and occurs with a thickness 
of about 4 feet above and west of the station ; in the road cuttings through the gorge 
it IS not seen, being bidden there by ri\cr gravels. Besides these beds of gypsum, it 
occurs in the form of selenite, often m great abundance, and large crystals, in the 
shales accompanying the coal. 

Limestone is extremely abundant throughout the area occupied by rummulitic 
rocks ; and even in the Siwalik rea the pebb' in tfie 
Umestone. stream beds are almost all composed of limestone. It is of 

great purity as a rule *, in fad, its only fault seems to be that it produces too fat a 
lime. 

Building stone is abundant. The sandstones of the Ghaz.j group are quarried 
near Shahrig, but the best stone is that obtained from the 

Building stone. Siwalik senes, where they have not been 

too mdch dfeturbed. Among the low hills near Nasik quarries might be established^ 
whence an excellent free^slonc could be obuined in blocks of large size; the 
quality is, bbwover, not good enough to establish an export trade, and 'ocal pur- 
poses tbo Dearest stone available is used. 

1 Mem. G & I., XX, p. 87 

C 
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Assays of Coal. 



" •' *’ :i‘" -T'-' .. 

Deep >\orkinK» of 

Shartgh N»llah, top 
of (ihactl group. No. 

Two mltcf S. by W. 
oi Harnai Radw»y 

xc— 

Two knilee S. by W, 
of Hkmal Hadway 


the Khost ( oUlery. 

67 of Biaofr»d*s 


Upp«T part of <ihaslj 

seetkra. Mem XX, 

statiun, Ciharij group, 

station, Gha/lj group, 


group. Received 

193» now being 

DLar top Sample 

near top. Sample 


frum Mr. Baker. 

worked lor fuel. 

No. 1. HIraLal 

No. a. HIra Lai. 

1 

i 

R. a 0. 

t w- - 


Moisture 

2 20 

1 356 

«-l 3 

860 

Volatile matter, ex- 
clusi^^of moisture 
Fined carbon . 

40-56 

! 43-60 

1 

! 5764 1 

' 34% 

4748 

1 40 12 

1 S« 04 1 

[ 

Ash 

976 

; 

i ; 

?*<» 

[ 

1 

1 

r ’ ! 

1 100-00 

1 

1 

10000 

lOOOO 1 

1 

1 100*00 


1 Cakes ^trongly 

Cakes strongly 

Sinters slightly. 

Sinter^t gHghtly. 

1 

; «ind forms a j 
light tumid cokrj 
A*>h — gray 

Ash — gray 


Ash— dark brown. 

Ash— dark red. 



Report of a Journey through India in the V) inter of i 8 S 8 *S^^ by Or 

Johannes Walther, translated from the German^ by R. Bruc^ 

Foote, F,G S., Superintendent^ Geological Survey of hidia^ 

(Published originally in the Verhandlungen der Gcsellschaft fur Erdkunde *u Berlin, 

No. 7, t8Sy) 

In November 1888 J undertook a journc) to India and Ceylon in order to make 
comparative studies of the physical qualities of the continental and marine sedi- 
ments which are formed and deposited under the influences of the tropical climate. 
For such researches India appeared to me specially adapted as, thanks to the 
English Government, it is more easily accessible in ail paits between latitude 6^^ and 
30° N. than any other country within the tropical zone. It is the home of the 
Laterite and of the Regur ; its coasts are fringed by recent and sub-fosbil cotat reefs , 
and in the south are even marls, linpiestoncs, and coral reefs of mesozoicage, which 
having been formed and metamorpho^d within the tropics would yield admiralj[le 
material for comparison. 

Mr. Carl Rumpff, Member of the House of Deputies, took an interest in my 
problems and accorded me notable assistance; but unfortunately this n(^e-inmdfd 
man, so inspired with love for natural science, was cut off by a sudden death shoifly 
after my return. Both in North India and Ceylon I bad the good fortune lo bavein 
Professor Dr, F. Exner, of Vienna, a fellow traveller who look a lively to toy 

studies and to whom 1 am indebted for valuable assistance. 

After spending some time in Bottibay to study the admirablC'^^scctljmV 
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Latcritc in that neighbourhood) I travelled on to Jejpore in Rajputana, and thence 
through Agra and Benares to Calcutta, and from there to Darjeeling; thence to the 
Ganges -delta and then back to Bombay. Through the Deccan I proceeded to 
Madras and Trichinopoly, and thence, travelling in a bullock cart, I visited the 
cretaceous region around Uiatur, Perambalur, Maravattur, Arrialur and Cully goody. 
Fifom Madura I drove to Palk’s Straits, spent a fortnight in studying the island of 
Ramesvaram and its surroundings, and thence reached Colombo in a sailing boat. 
An excursion to the ‘'gem pits'' of Ratnapura, and on the Kaluganga to Kaltura, 
and thence on to Point de Galle made me acquainted with the low lands of Ceylon 
and its bright coloured coral reefs; another excursion to Kandy, Nuwera Ellia and 
Pedrolallagalla was dedicated to the study of the local I^ieritcs. Finally on my 
return journey, 1 employed a three weeks halt in Egypt in continuing the work I had 
begun there two years previously. 

I owe very hearty thanks, for the very kind assistance they afforded me, to the 
Officials of the German Consulates, especially Mr. Consul-General Gerlich in 
Calcutta, Mr. Secretary junckersdorf in Bombay, Mr. Consul Gerdes in Madras, 
Mr. Consul Fudenberg in Colombo ; also to Dr. King, Director of the Geological 
Survey of India, Dr. Thurston, Director (of the Museum), Madras, Mr. Collector 
Fawcett at TrichinopOi> , and Mr. Collector Turner at Madura, without whose kind 
help it would have been impossible to have made so large a number of observations 
in a relatively short time. As the thorough working out of my collections of the 
Laterites, Delta and Coast sediments, cretaceous corals from Maravattur, and tertiary 
corals from Ramesvaram, may occupy a number of )ears, I propose to limit myself 
in this short report to points concerning the occurrence and mode of formation of 
the Indian sediments which I was able to establish when there, and reserve a fuller 
treatment of the subject for a later occasion. 

Continental Sediments. 

I, Laierite, — The name Laterite is given in the tropics to the prod ^'.rts of weather- 
ing of different rocks, which, though of very variable physical qualities, re character- 
ized by a red colour. As in our latitudes the weathering of most rocks gives rise 
to a material coloured yellow by oxydulous iron (“ Eisenoxydul'*) so under the 
influence of the tropical climate a red earth, rich in iron oxide is formed. 

Geographical latitude or hypsometric elevation have no connection with the form- 
ation of Laterite, for it is found equally at Point de Galle in Lat. 6® North, and in 
Sikkim in LaI. if N,, and at the level of the sea at Colombo as well as at an eleva- 
tion of S,cxx>feel on the summit of Pedrolallagalla. The tropical rainy season, with 
its constant thunderstorms and the richness in iron salts of the weathering rock 
masses, appear of much more importance genetically considered. The darker, in 
other words, the richer in iron a rock is, the more intensive is the redness of the 
product of weathering. The Dcccan ba.salt, dark vaneties of gneiss, garnet gneiss, 
and other rocks rich in iron weather into a brick-red Laterite, while pale gneisses 
rich in felspar form a pale-red to whiiish-ycllow product. The mica schists of 
the noTtbenii slopes from Darjiling down to the valley of the Ranjit, weather to a 
greyish-yellow powder, while 2,000 feet above, in the Churchhill Park, a formation 
consisting of dark and light-coUxired gneiss beds is decomposed into a Laterite 
consisting of alternately red, greenish-yellow and brown-coloured beds. (I imagine . 

c' 2 
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as already hinted above, that the thunderstorms of the tropical rainy season are of 
importance in the formation of Laterite, because nitric acid is formed in the air by 
the electric discharges and washed down by the rain. These traces of nitric acid, 
small though they are, but possibly in combination with the ozone also formed by 
the thunderstorms, act as oxidizing agents and produce iron salts richer in oxygen 
than can come to pass in temperate climates with fewer thunderstorms.). 

The conversion of solid rocks into Lateritc takes place just as in our own 
latitudes, though with increased intensity, so that I^teriies arc formed on the surface 
and along all points and cracks, and so that at a more advanced stage still blocks 
of the original rock occur in the centre of the laterite mass. While in the case of 
the Basalt Laterites, the boundary between the Basalt and Lateritc is macroscopically 
a very sharp one, crystalline rock show gradual transitions from a loosened product 
of weathering to a reddish stained one, and finally to a distinctly red coloured one. 

But the Laterites themselves when once formed undergo an ever continuous 
phpical and chemical conversion, so that in this way that great number of varied 
laterites comes to pass which makes it so difiicult in many cases to pass a decisive 
judgment as to the individual phases of formation. 

While it is very easy to understand the formation of Laterite in its original situs, 
as countless sections demonstrate the process, it is very difficult to judge of the 
mode of origin of a laterite in a secondary situs. The transporting and preparatory 
powers, wind, rain and surf create \ery varied formations, Laterite, once it is formed, 
is still further changed by chemical processes; it becomes cellular by the solution of 
some of its constituents, the iron salts unite into pisohtic concretions, and by the 
action of standing water, or of a thick covering of humus, laterite is locally recon- 
verted into a yellow loam. Constiiuenr parts are carried away by the monsoons and 
give to other sediments which have no connection with the Laterites, a raisleSJling 
Laterite colour (facies), and thereby gi\e rise to sources of error in judging of the 
gneiss of such rocks. 

1 have not been able to observe that Laterite has originated in India^'from lime- 
stone, marl, or sandstones ; and even the tuff-beds alternating with the basalts of the 
Deccan do not give a red coloured product of weathering. 

2. The Deposits of the The great plain of Bengal, the domain of the 

Changes and Jumna, is covered by a mighty bed of river sediments brought down by 
flood waters from the Himalayas. The river beds have in some cases cut deeply 
mto these deposits and have exposed fine sections. The innumerable tanks also, 
which have been made everywhere, afford good exposures, wWch show that these 
sediments consist of thin layers resting horizontally on each other, corresponding thus 
to the several successive inundations. Nowhere did I observe a departure from tb& 
type of thin bedding, and it was only on the bank of the most northerly branch cjf 
the Ganges, at Damukdea, where a wid# "dust-plain*’ stretches out and is but littli 
cultivated, that the diagonal bedding showed itself in several sections, but here, » 
everywhere else, it has come to pass not under the water but by the action of winq^ 
In the region of the Sunderbans, in the environs of Diamond Harbour, where I gavt 
a whole day (in a boat) to the study of the sections in the banks of the Ganges 
branches, 1 saw, without exception, nothing but thin-bedded sediments. What 
especially struck me there, was, that I could nowhere find traces of imbedded wood 
and other plant remains. With referetj^e to calculations aa to the amount of sedi** 
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carried into the sea within any given time, one observation I made is by no 
means devoid of import, namely : when the flood tide commences the whole con- 
tents of the Hugli are driven up stream with such force that it is impossible to row 
down stream even with a pair of rowers. 

If the sediments of the della are compared with those, which occurring fuitlier up 
country form, for example, the river banks at Benares, it is a striking fact that here 
the sediment is divided by strings of calcareous concretions into hard and soft beds^ 

In treating of the Laterites I have already referred to the formation of concre- 
tions as a phenomenon brought about by subsequent metamorphoses of the original 
laterite rock, and, as I shall have to describe later on, concretions of considerable di- 
mensions appear characteristically in the cretaceous sedimentary rocks of South 
India. The occurrence of such concretions in river deposits, in marine sediments, 
and in continental laterite formations, appears, therefore, to be a common and dis- 
tinctive structure in various tropical sedimentary formations. I trace back the origin- 
ation of these t6 the fact that during the tropical rainy season all sediments (forma- 
tions) are percolated by water, but become desiccated during the dry season. 

By this alternation of permeation by water, mineral solutions are formed in the 
sediments periodically and are periodically precipitated. In this way certain calca- 
reous beds will beooOv:!? increasingly rich in lime at the expense of the whole forma- 
tion percolated, and similarly certain iron holding parts will become increasingly rich 
in iron, llic mineral composition of the sediment becomes dissociated, and the 
individual mineral particles are separated from each other. 

In this wise originate these concretions which may be regarded as phenomena 
typical of many of the India sedimentary rocks. 

3. The gneissic rocks at Torramangalain near Perambalur are covered 

by that mysterious black soil which is known as cotton sod, or Kegur. Little gullies 
have been cut into it in every direction, and the sections show an unbedded dark 
black sod from 50 c. m. to 1 metre in thickness. Close to large gneiss rocks which 
stand up out of the level ground, the black colour decreases, and through the ad- 
mixture of the light-coloured weathered gneiss the cotton soil cha^*-s into a grey 
earth. No red lateritic colouring was visible on the gneiss, but only a few kilometres 
further on high termites’ nests built of red laterite were common enough under fig 
trees and casuarinas. As to the mode of formation of the Regur 1 have been unable 
to form a conclusive opinion. Perhaps the spreads were once swamps, such as are 
common in South India, whose peaty mass was subsc(juently desiccated. The as- 
sumption of a Loess-like origin for the Regur appcsirs to me an improbable one.^ 

* Dr. Walther would appear to be unacquainted with Hislop's theory of the subaerial ori- 
gin of the regur, which is now generally accepted by Indian Geologists as the most satisfactory 
explanation of the formation of this wide-spread form of soil. If Hislop's theory that the regur 
is an old forest humns be admitted, it becomes easy to understand how it can stretch unchanged 
over contiguous rocks of the most varied character, as the Dharwar and Deccan traps, granites, 
gneisses, limestones, qtfartaites, schists and shales, modern laterites, andaliuvia, and how it can 
have been formed on the tops of many small isolated plateaus where the existence of lagoons 
was g physical impossibility. The question was ably discussed by Mrt W. T. Blanford, F.R.S., 
in the Manual of the Geology of India, pt. I, p. 433. 


R. B. F. 
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4. Blown Sands . — It is known, through Foote’s investigations, that large areas in 
South India arc covered by beds of blown sand. High dunes are there met with, 
of which the so called teris” appear to deserve more special attention. These are 
sand hills of intensely deep red or brown-red colour which occur on the South 
Indian coast from Ttttikorin to CarricalH and give the landscape an uncommonly 
strange appearance. As 1 easily satisfied myself Foote's views regarding them are 
perfectly correct, namely, that the red colour added to the sand of the dunes, is 
nothing more than lateritc dust, whidi the monsoon winds have mixed with it, and 
thus given them so typical a colouring tliat one might believe oneself to be looking 
at a sandstone weathered into red sand. (The red colouring which the river sands 
of the Sone, the Cauvery and other Indian rivers show, appears to be due to similar 
processes.) ‘‘Teri” sand appears also on Rameswaram island, in several roadside 
sandpits between Paamben (also written Pambam or Paumbam) and the town of 
Rameswaram,® As a great part of the island, and particularly the long spur stretch- 
ing away to Thanus Kodi point, consists of light-yellow blown sand, it would appear 
that at present the monsoon can no longer convey the laterite dust as far as the 
island. 

’ Dr. Walthcr has here fallen into an error as to the distribution of the **tcris” or red 
blown sands, which according to him lie along the coast between Tutikorin and Karikal. Thovv 
that I am acquainted with in the south of the Peninsula, and have described in my Memoir on 
the Geology of Madura and Tinnevclly Districts, and in a paper on the Geology of South Tra- 
vancore, in Vol. XVI of the Records, Geological Survey of India, all lie near the coast (but 
never actually touching U) beginning from a point ao miles west of the Pamban Channel, and 
extending round to a point near the coast of South Travancore, some 2 <S miles north-west of 
Cape Comorin. I am unaware of the occurrence of any true teri sands on the east coast of 
Madura (Palk*s Bay), and 1 certainly met with none in the south or cast of Tanjorti District. 
To my apprehension the true teris cannot be traced within 20 miles of the Pamban Strait, and 
the msty-coloured sand seen in sandpits along tlys road between Pamban and Rameswaram 
town, is not a true red-coated tcri sand, derived from the inframontane band of red loam, but 
common sand formed of discoloured quartz. 

R. B. F. 

* Here, again, Dr. Walther has understood my description of the origin of the Teris in 
quite a different sense from that I intended to convey. 1 do not regard the teris as coast dunes, 
merely discoloured by a lateritic sand being blown on to them ; on the contrary, I regard them 
as of totally distinct origin. The true coast dunes are formed entirely of sand thrown up on 
the beach by the heavy surf which breaks incessantly on the coast. They contain a very large, 
but equally variable, percentage of comminuted shells mixed with the ordinary drab or buffy 
quarU sand, but containing also a perceptible quantity of garnet and magnetic-iron sand equally 
blown up from the beach. The teris, on the contrary, consists entirely of quartz sand, coloured, 
red externally by a coating of red loam, but limpid if washed with dilute acid. 1 examin^ 
many samples from many teris most carefullj^with a powerful tens, but in none did I discovfr 
any other mineral, though I fully expected to find comminuted garnets in great qu-inti^ 
because of the immense number of small garnets included In ntany of the gneissio beds 
ing the Southern Ghats and their spurs, and from the outliers of which the teri sand must haV)» 
been originally derived. The teri sand has derived its red colour from the deep red loa^ 
formation, which forms such a remarkable band along the foot of the Southern Ghati. Thfc 
surface of this red loam is scored by the heavy westerly gijns of the summer monsoons, carried 
eastward or north-eastward, and dropped near the coast, but not, except in a few plscel, 

in actual contact with the coast dunes, ft is only where the contact takes place that the Terr 
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H.— Adam’s Bridge 

From Cape Toniturci to Manar extends a sand barrier which is recognized b\ 
its structure and origin as a formation thrown up b> the storm-driven surf waves, a 
formation which is of equal interest to the lover of old Indian mjths, as to the 
Geologist and the student of the geograpbicdl distribution of animals Indian 
legends tell of the building of this land connection between India and Ceylon, and 
historical accounts reUlc that it was severed again during the middle ages, while the 
geologist recognizes the fact that this process of the destruction and reconstruction 
of Adam’s Bridge had already once before Uktn place in long past prchi^^tonc 
times. The seas between Ce}lon and India are shallow, and onl> vessels of small 
draught can navigate them ^ From May to October the soiuli-west monsoon waves 
break against the bridge, and from November to April the north-east monsoon 
brmgs its waves here, and creates such a constant current, that at Toniturci point, 

sand gets mixed for a little distance with the beach sand, and so comes to contain rommmuted 
shells 

The absence of garnets Is certainly a remarkable fact ard as yet not satisfactorily ac- 
counted for I have not hid an opportunity of examining the constituents of the red loim s( 
the foot of the Southern since observing the absence of garnets trum the ten sands, so 

am unable to assert or deny the presence in it of garnets. Possibly the ferruginous materials 
among the original constituents of the red loam hive been entirel> decomposed and are there 
fore no longer to be distinguished from the general mass of the loam in which the far more 
durable griins of quartz are included 

The source and the age of the great red loam bind which forms so striking a belt along 
the foot of the Southern Ghats htve yet to be ascerta ned, tat high rangts and the infra 
montane tract not having been geologically examined as It is very likely they may 

contain b^ds even richer in iron than the garnetiferous and hornblcndic beds which they 
aie largely made up of They were too densely covered with forest, in most parts, to allow 
me to gam anything like a complete idea of their structure from a mere rapid traverse 
of the Mahendrigiri plateau and aher parts By far the greater part of the red loam band 
lay outside of the area examined by me, and there is yet much to be learnt a^ » ' it. 

There is much also yet to be learnt as to the peculiar distnbuho i of the with refer- 

ence to the coast dunes but this can only be Varnt by rt^sidence near them .„ml the coast 
during the south west monsoon, from the hUle I ca'^ua.llv cbseried during a brief visit to 
Kutalam in i8<59(when I was pnctically unacquainted with the Tens themselves) I think itwnl 
be found that the location of these red sand hills is mainly due to the action of the southerly or 
easterly sea-breeze which meets the red*sand laden west wind in the afternoon or evening 
and makes it drop its burthen by cooling it The westerlj wind appears to cairy the red sand 
in direct proportion to its own heat The extraordinary display of flamelike dust clouds such 
is 1 described in my Madura Tinnevelly Memoir (p 86, Vol XX, pt i, M G. S. I ) only 
took place during the great heat of the afternoon after the wind had acquired a high tempera* 
ture. Much icd dust falls into the sea, but on Und the fall does not appear to take place 
till the sudden inrush of the cool evening sea bree/e sets in 

My actual study of the tens all took place during the north-east monsoon month , and I 
had no opportunity of stud} mg the effects of the westerly w on the coast The iction of 
the north-east monsoon on the tens seemed inappreciable, the breezes being, as a rule, quite 
gentle, hut when the north-ewst wind is violent the coast dunes are wet either from ram or from 

clouds of spray, and the sands are immoveable. doc* 

H. B. r. 

* Prelimmar} steps have been taken towards the cutting of a ’ihip canal across Rames- 
waram island, which will allow of large ships avoiding the long voyage round Ceylon. 
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the sea races to the south with a great current like a rapid mountain stream and a 
perceptible fall of several feet* It is quite easy to understand that both these anta- 
gonistic movements must pile up great masses of sand at the narrowest part of the 
strait, and equally so to explain that a raised sand-bank might have been formed, 
and thus a perfectly unbroken bridge from India to Ceylon maintained perhaps for 
a short time, which would be of very marked importance for the migration of 
animals to the great island. It is a remarkable fact that corals live nowhere on 
the sand*bank itself, though the surrounding seas contain many coral reefs, and 
Rameswaram island itself is edged by a fossil reef. It would even appear that the 
original Adam*s Bridge showed a gap in place of the present island of Rameswaram 
which gap was closed later on by the growth of the coral reefs. And when the com- 
munication between the Indian Ocean and the Bay of Bengal was thus interrupted 
the waves sought another passage and again destroyed the sand. 

It appears to me that at the present day more is being destroyed than constructed 
in Palk’s Strait, for the sand bridge is everywhere showing scarps and well-exposed 
sections. In contrast to the well-bedded sediments found at the bottom of the sea, 
or in the inundation areas of great rivers, and in contrast to (he tyfucal discordant 
parallelism of structure, or diagonal bedding, shown by unfossiliferous seolian sand- 
stones, a sedimentary deposit is formed, in the surf zone of the sea coast, whose 
structure must be designated as irregular bedding, as it is a strange intermediate 
between bedding and diagonal (false) bedding. If one considers what strange 
changes sandy coasts undergo through surf-aclion, how they are now worn away, 
then washed up again, now piled up, and then again undermined so that they crumble 
down, one can understand that in the domain of the surf a sediment is formed in 
which no regularity of structure is recognizable, and in which all types of sedimen- 
tary structure may occur. Such is the building up of the Adam s Bridge. Bmwhat 
is most striking in these sections is, that a great part of the same consists of small and 
great blocks of sandstone which being cemented together by a sandstone matrix form 
a giant conglomerate. We must conclude from this that Adam's Bridge existed once, 
a long time ago ; that it was destroyed by unexplained causes, and that the fragments 
were again re-cemented only to be broken asunder again in the beginning of the 
fifteenth century. We thus learn from the sections that a land connection between 
India and Ceylon existed twice, and has been twice interrupted, and that more than 
One migration of the fauna from India to Ce) Ion could have taken place. 

III.— Marine Sediments. 

I. Living coral nfs. The reefs of Falk's Strait and the Gulf of Manar present 
a totally different aspect from those of the Red Sea, as Madrepora Corymbosa, wh^h 
is so common there, is a rarity in the Indian Seas. The genus which determines 
the character of the Indian reel is Porifls, which attains to an immense developm^t, 
Mai^fees of Porite8,two metres in height, and five metres in diameter are by nomesiis 
rare, and by the side of these lower-likc massive forms the branching Madreporid«, tne 
Pocilloporidae, &c., appear to be nowhere. Nearly all the Pontes are dead at thiir 
summit, and growing only along their periphery. As the ebb-tide falls consideraWy 
here, and uncovers great areas of the reefs, it is quite possible that the summits of the 
corallites died from this cause ; but I saw many cases of Pocillopora coralUtes stand- 
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Sng 4 centimetres over the water without its appearing to injure thena. As Professor 
Mdbius has observed, and as 1 have been repeatedly able to confirm, corals secrete 
during low ebbtide a great deal of mucus which covers the whole corail ite and 
protects it from drying up. When corals arc taken out of the water this mucus 
drips from them for a long time and in considerable quantities. 

Between the Poriles “ towers,” and the branching growth of the smaller corallites, 
a calcareous sand is formed filling up the spaces, to which many impurities are add- 
ed, and which is nia«:tly of grey colour. With the flood-tide the water became 
rather turbid, but I could not observe that it was directly injurious to the life of the 
corals.^ The genus Poriles at least seems unsusceptible to the turbidity, but perhaps 
the smaller number of species of the other genera may be explained by its exist- 
ence, At Shingle island a breakwater composed of broken coral branches rises 
metre above the level of the sea. The reefs around Currysuddy island were ex- 
posed to a depth of 30 centimetres at ebb-tide, and appeared to be mostly dead, from 
which 1 incline to infer that the negative displacement of the strand indicated by the 
sub-fossil reefs continues to the present day. 

Here, as everywhere, the calcareous algae play a great part in the living coral 
reefs. It is, thanks to them, that the dying and dead corals arc encrusted w^ith lime 
and cemented togeibc: Bv this service they become as important for the structure 
and formation of the reefs as the corals themselves. After much cruising about in 
vain, 1 succeeded in finding near the east-cape of India ^ a considerable colony of 
Lithothamnium at a depth of 2*20 metres in the middle of the fringing reef. All 
the specimens brought up by my divers were grown on branches of coral. The mass 
of the alg® attained to pretty considerable dimensions. Tridacna was not seen by 
me. Foraminiferous sands, such as are so common on the Red Sea reefs, I also 
faileil to observe, and altogether pelagic life, with the exception of innumerable 
physalia, and some janthinas, spirulas and nautilus shells, appeared to me rather poor. 
A whale, 6 metres long, had been drifted on to the north coast of Rameswaram. 

2. The Subfossil Jiee/s* — Around the coast of Rpm-^swaram, ou west, north 
and east sides, occurs a terrace two metres in hei|i:ht which has beei destroyed by 
the surf in various places, but always re-appears again after short interruptions and 
continues its course as a uniform band. On the opposite Indian coast the same 
terrace is recognizable at Toniturei point, but the view that it must here be regarded 
as a fossil coral-reef is incorrect, as the sandstone there contains but few coral frag- 
ments and nowhere any entire corals. But its occurring at the same level above 
the sea, and the intercalation of similar sandstones in the sub-fossil reefs of Rames- 
waram, appear to justify one in regarding the two foimations as synchronous, as was 

» Where the porites corallites grow with flattened, often melon shaped tops, they appear to 
suffer a good deal from the precipitationfon them of the suspended clayey matter causing the 
turbidity of the water, and the polypes on the flatter parts a killed. This I noticed in many 
insunces on the fringing reef near the Pamban lighthouse, and in all cases where this had hap- 
pened, a small deposit of very fine mud lay on the surface. Where the corallites had grown into 
more pointedly mamil'ate shapes the precipitated mud had found no resting place and the poly- 

pcs were flourishing. R, B F 

» By the cast cape of India Dr Wallhcr presumably means the Toniturei spit. 
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done by Foote in his map.^ For not only do the sandstones and coral limestones 
appear as hctcropic sediments, but the fossil reefs themselves show such a change in 
their petrographic quality, that one would have to regard certain contiguous parts a$ 
totally distinct and varied formations if their continuity and synchronism were not 
placed beyond doubt by an investigation of the locality. 

Foote regards the “ reef” band as sub-fossil, and after seeing the hardly altered 
corallites on the west side (of the island), and studying the reef of Currysuddy 
island which are still standing in the sea, but have lately died, no further doubt can 
Christ that the reef ** band, now raised a metres above the level, is a very recent 
formation. 

It would appear that the coral fauna of the fossil reef is identical with that of the 
living one, but nevertheless I endeavoured to make as complete a collection of the 
fossil corals as possible, as the recent fauna is being very thoroughly worked out by 
Dr, 'riiurston in Madras. Perhaps on completion of his monograph it will be feasi- 
ble to give an exact opinion on the near relations of the two faunas. As on the 
living reef, so also in the fossil reef on the western coast, do the great colonics of 
Porites occur frequently, and attain to a height of 2 metres and a diameter of 5, and 
stand up on exposed parts like old watch towers. Not only the edge of the coast 
consists of coral, but also a great part of the land itself, for a lagoon in the interior of 
the island (the remains of a former atoIUlagoon) is connected with the beach by a 
channel some 500 paces in length, which, for nearly the whole of its length, runs 
through a coral breccia, enclosing a rich molluscan fauna. 

On the north coast (a short stretch of which I was unable to visit), the same 
barely altered materials are met with in the reef, and on the north-east coast large 
land shells occur very* numerously among the corals, which shells must have been 
washed into the sea by violent rains and have drifted out to the reef when forming. 
A remarkable change is observable in the character of the uniformly con- 
tinuous reef soon after passing this point ; ihstead of the friable, loosely-cemented 
coral breccia, the reef on thfe east coast shows a dense rock ringing under the ham- 
mer, and consisting of coral fragments so densely cemented by a red medium that 
one appears to have a red and while mottled Alpine limestone before one. 

In the extension of the '*reef*' band towards the great temple, the structure of 
the reef changes yet once again, and in place of the red marble, appears a lime- 
stone consisting entirely of calcareous algae (Lithoihamnium) with a few scattered 
coral masses. To the south of the temple appears blown sands w'hich make up the 
rest of the coast. 

About a kilometre inland, from the fossil algae bed, quarries have been opened 
in which again another variety of reef rock is exposed. Instead of the brick red 
cement of the coast, the coral branches are here covered by sinterlike grey encrusts^- 
tions which cement them together, * I 

We find thus among the sub-fossil, synchronous coast formations of Palk's Straii 
a great variety of heteropic sediments, which in some places arc hardly changed, and 
at others strongly metamorphosed, and deduce from that the fact that the mctamoii 

* Memoir^! of the Geological Survey of India, Vol. XX, pt, I, ** Geology of Madura and 
tinnevelly Obiricte.’* 

R. 8. F. 
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phosis of such rocks is not a general process, but only a local one induced by local 
and temporary causes. 

3. The Reef’^rocks of the Cretaceous age, — On looking north from the high 
pagoda-crowned Trichinopoly rocks, a group of hills is seen rising from the wide 
level plain, which hills belong to the upper cretaceous system whose rich fauna 
is well-known through the labours of Blanford, King and Stoliezka. Blanford’s 
statement that imbGd<led coral limestones occur in that quarter induced me to 
examine it rather closely, and to look up all the coral limestones indicated on his 
map.* The kindly recommendations of Mr. Collector Fawcett to his village head- 
men rendered my bullock cart journey through those out-of-the-way villages very 
materially easier, and I was everywhere received in the most friendly and most 
original way. 

I wished to begin my studies at Cullygoody and end at Utatur, but the utter 
ignorance of my drivers took me already in the first night in a completely wrong 
direction, and in order to avoid repeating a ten hours journey, I commenced with 
Utatur and reached Cullygoody eight days afterwards. 

At Utatur resting on the granite aie sandstones with diagonal bedding which pass 
up into marls rich in gypsum Saurian bones of great size and fossil wood are the 
only fossils of ihest b-u. , Over them lies a bedded limestone which passes locally 
into massive imbedded calcareous rock, and which at several points rest directly on 
granite rocks without any intermediate beds of sandstone or marl. Individual 
granite blocks are cemented into the limestone. This limestone, which Blanford 
designated as a coral limestone, has bcenslronglv metamorphosed, and no fossils are 
tc^be seen in it except spherical outlines the size of a he.vd which might possibly be 
thought to represent former corals. 

Per contra, the coral limestoneat Maravattur, which appears to rest directly on the 
granite, is very rich. Individual beds arc cut up by planes of bedding, as may be 
.seen in a small quany shortly before reaching the village. Nearly every limestone 
block shows corals on its surface, and a number of theb^ "re well-pre*^^. ' ed although 
the matrix in crystalline. 

Between Paially and Maravattur, Blanford has also indicated coralline limestones. 
Although corals occur here pretty numerously, I should hardly like call this bed 
a reef, as the corals belong generally 10 sin ill cnciublmg bpccicb which are included 
in the bedded limestone. 

At this latter place I had already been struck by displacements of bedding of 
the cretaceous rocks, which ha<l every character of dislocations, and which I could 
not explain as original structures. 

When 1 reached Cullygoody, a few days afterwards, in order to ‘'tudy the coral 
limestones there, I again found a strong southerly dip of the thicic limestone beds 
(which had been everywhere admirably opened out ^'o supply materials for the 

' The cretaceous rocks do not themselves form any elevations high enough to deserve 
the name of a group of hills as seen from Trichinopoly rock. All the heights visible from 
that distance are composed of gneiss. 

R. B. F, 

* Memoirs of the Geological Survey of India, Vol, IV, pt. L Report 00 the Cretaceous 
Rocks of Trichinopoly District. 
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building of a new Mission Church). Neither the disposition of the bedding, nortbe 
stmcture of these detritus.formed, brightly-mottled limestones appear to me to 
justify Blanford's assumption that they are original encrusting beds of a coral lime- 
stone, I prefer rather to regard them as dislocated limestone beds which cannot 
be accepted as typical reef-limestones, ^ 

While the various limestones described differ in no respect from such rocks in 
the north, I was struck by a speciality (already named above) in the accompanying 
marl bcda of the Trichinopoly cretaceous area ; namely, the wealth of concretions. 
Just as in the Ganges deposits, and in the laterltes, so here in the marine maris, 
ocoir concretions from the size of a nut to one metre in diameter, and of all shapes, 
sometimes as true septaria and at others without internal septa, in such num^rs 
that I cannot but see in them also a formation that has come to pass under the in- 
fluence of the tropical climate. My reports on the occurrence of thick graphite 
veins in the laterite of Ceylon, on the biological conditions of living coral-reefs, on 
the structure of sections through the sub-fossil reef, on erosion phenomena on the 
Indian coast and on other series of observations can only appear at a later period. 




Report on the Coal-fields ^Lairungao, Maosandram, and Mao-be-lar-kar, 
in the Khasi Hills, by TOM D. LaTouCHK, B.A., Deputy Supcrin^ 
tendeni^ Geological Survey of India, (With 3 Plans) 


Position of the Held. 


I.— The Lairungao Field. • 

This coal-field, which is of considerable extent, is situated on the Shillong- 
Cherra Punji cart-road, which enters it at about a6 miles from 
Shillong and 7 from Cherra. Its northern edge extends 
along the face of a steep scarp, about 200 feet high, which crosses the cart-road one 
mile south of the village of Serrarim, and from the top of which an undulating 
plateau slopes gently to the south, where it is deeply indented by the feeders of the 
stream that occupies the gorge east of Cherra Punji. Near the northern edge of this 
plateau is situated the village of Lairungao, whence the field takes its name, and from 
which there is a gradual descent, followed by the cart-road, to the Cherra plateau. 
Coat is exposed in numerous places both on the northern face of the hill, and in the 
ravines to the south and south-west of the village, all the outcrops wluch I could dis- 
cover being marked* with the thicknesses of the scam observed in each, on the accom- 
panying plam Indications of coal also occur, on the same horizon, in many places 
outside the limits of the plan, but in all cases in which I investigated these, the 8ea|i 
was seen to have thinned out to an insignificant string a few inches in thickness, ami 
qmte useless. t 

The conditions under which the coal occurs are very similar to those at Chenn 
Punji ; in fact, many indications of coal in the same po$itio|i 
regard to the accompanying rocks are seen in the intep. 
vening area, and there can no doubt that the seam once 
es^ended over the whole distance, large portions having been washed away since its 
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deposition. The coal at Lairungao, however, does not appear to be so good ia 
quality, generally speaking, or so evenly distributed, as that at Cherra. This portion 
(rfthe original field probably lay nearer the edges of the basin of deposition, as is 
shown by the thinning out of the seam in various directions, and so there was a larger 
admUtture of foreign matter, mud, &c., with the vegetation that formed the cwl. 
Portions of the seam, however, appear to be quite equal in quality to the Cherra coal, 
and I think th«t a large proportion of the coal that can be extracted would be found 
good enough for all practical purposes. It would be interesUng and not difficult 
to make a few experiments on this coal, in comparison with that from Cheira, in the 
engines on the Cherra-Companyganj Stole Railway, in order to determine its steam- 
producing and other properties. 

The coal seam, with the whole of the rocks in which it lies, dips with a very 
Mode of occurrence J? 

of the coal seam. nearly so highly developed as aX Cherra^ and is occasionally 

entirely absent, so that none of the “ swallow-holes '' so 
frequent there, are found in this field, nor do the beds appear to have been faulted 
or disturbed in any way. Sections which show anything more than the seam itself 
are few, but it can be seen that the floor of the coal is a bed of grey carbonaceous 
shale, about two feet thieV i^nderlaid by sandstone, and the roof is a thick bed of 
while or buff sandstone, which is very soft where it has been exposed to the air, but 
no doubt is harder further in, and would stand as well as that above the sera at 
Cherra. A section through the seam on the face of the scarp east of Lairungao 
Village, where the whole thickness is eleven feet six inches, gives the following sue- 
cession in descending order : — 


Soft, white, or buff landstone 
Carbonaceous shale , 
Soft, white, and buff sandstone 
Coal irregnlar, about 
Shale, very carbonaceous towai 
of sandstone 

Coal «... 
Carbonaceous shale 
Sandstone 


Ft- liu 


‘ds the base with Icnticnlt^r 


3 

10 

1 


ayers 


6 5 

4 o 

2 o 


The six-foot bed of carbonaceous shale, which makes up the greater part of the 
seam, would probably not be worth mining, but it would form a good roof to the 
galleries in the four-foot seam beneath it. and might improve further in. In the out- 
crops on the other sides of the field it does not apjiear, the sandstone coming imme- 
diately above the coal ; but in most of them a bed of shale, a few inches thick, 
which may represent it, occurs about the middle of the seam, wMvh would have 
to be’ worked out with the coal and picked out by hand afterwards. 

On the whole, I do not think it would be safe to esii ite the average thickness 
of the seam over the area, under diagonal lines on the 
^stimated quantity of which would give in round 

numbers a total of 1,500,000 tons of coal in the field; a 
considerable quantity of this would be worthless owing to the presence of the band 
of shale abovementjoned, so that I think 1,000,000 tons might be safely pul d<wyn 
as (he total quantity available. 
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* It vrottid be possil^d to tnine this toal in the same manner as that recommended 

Methods of mining. coal-lield. namely, by driving 

parallel honeontal galleries in from the outcrop and working 
otit the coal between them ; but, except on the southern side of the field, 1 <Jo 
not think this plan would be the best, as the coal would have to be carried toibe 
t6p of the hill^ before being sent down to Cherra. A better plan, 1 think, would 
be to sii\k one or more shafts at or near the village of Lairungao, so that the 
c^l,dbuld be at once raised to the top of the hill, whence it could be easily taken by 
a fight tramway laid along the c^t-road to Cherra. This would entail the use of 
mil^fnery, though it need not be of an expensive character, aathe shafts need not be 
more thim lOO feet deep. Adits might be driven from the bottom of these to the 
ravines on the south in order to drain the mines, and the coal might also be drawn 
out through them, and taken to the cart-road lower dowm Taking into considera- 
tion, hbwevelr, the increased expense and the greater distance from the plains, 
combined with the thinness and poor quality of the scam as compared with the 
Cherra coal, it does not seem probable that this coal could be worked w ith profit, at 
any rate until the sale of coal from Cherra has reached Urge dimensions, and a 
regular hmrket has been established ; or until that field begins to fad, which is not 
liki^ly to occur for nlany years. 

Very little of this coal has yet been extracted, but the outcrop has been quarried 
to a small extent at a tew places, and the coal sent in by cart 
encu ingremar s. Shillong, mamly, I believe, for the use of the Public 

Works Department. There seems to be no reason, however, wh> this coal should 
not be brought into Shillong at a cheaper rate than that from Mao-be-lar-kar near 
Maophlang, for though it is somewhat further away, it lies ditectlj on the tan-road, 
whereas the coal from Mao-bc-lar-^kar lias to be earned by coolies five miles across 
a gorge 1,000 feet deep before it reaches the cart-roail at Maophlang. The villagers 
of Lairungao, to whom the coal-field belong^, do not apj)car to have e\CT thought of 
carting the coal to Shillong ana competing with the owner of the hlao-bc-lar-kar < oal, 
who has a practical monopoly of the trade ; which, it must be said, is a very small 


IL— The Maosandram Field. 

This little field occupies the summits of three small knolls, about a mile and a 
^ . half north of the \illagc of Maosandram, which lies on the 
narrowest portion of the ndge separating the Eogapani gorge 
from that of the Um Gni, a conridcrable stream issuing into the plains about 12 miles 
west of Chela village. It lies On the path from Chela to Maophlang, and is abtiot 
14 miles in a direct line south-east from the latter village. The coal has be^n 
worked to a small extent to supply fuel fjr lime-burning, as a bed of limestone js ir|e 
gukurly developed beneath the scam in a .similar iKJsition to that at Lairungao aid 
Chena ; but otherwise the field is unimportant, as it lies at a great distance from a|y 
good road, and the coal seam ts not a thick one and is poor In quality. 

As will be seen from the annexed plan of the field, dm seam aiuins in one plat^a 
tbicknesf of 7 feet, but a good deal of this is very shaly stuff 
a1iEr«w!*^°******'^*'** 1 thicknes* of good co<l 

* over the whok 857, oop square feet, can be estimated « 

more than tJltcU which gives a total qtiahtity of about 6^,000 tons of coal in the field* 
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It has hitherto been worked in open quarries, and as the scam lies very near the top 
of the knolls, this Is the most economical way of obtaining the small quantity used 
in lime^nimlng; and it is hardly likely, considering the distance of the field from 
any possible market and its limited extent, that this coal will ever become useful be- 
}cmd supplying the small local demand. 

The b^s^at accompany the coal are quite similar to those at Lairungao and 
- j j 1 a e Cherra, and the coal is of the same geological age, the 
eo ogica ^ Eocene or most ancient epoch of the Tertiary period, as at 
ihosc places. 

III.— The Mao-be-lar-kar Field. 

This field, though of still smaller extent than that near Maosandram, is of greater 
importance, as it has supplied the station of Shillong for many 

Position Otoe. years, and still continues tq do so, though the opening of 
the cart-road to Cherra has made the Lairungao field more accessible, e\en consid- 
ering the greater distance of the latter field from Shillong. 

It is situated close to the old road from Maophlang to Cherra Punji, at about 
five miles from the former village and 19 from Shillong, near the eastern edge of 
ii\e deep gorge of the Bogapani river, which runs between it and Maophlang The 
loal has to be carried bf '"oolies across this gorge, about i,coo feet deep, before it 
tin be loaded into carls, which adds much to its cost in Shillong. 

The coal-measures, which belong to a geological epoch, the Cretaceous, older 

Ai^aijd mode of oc- Cherra, Lairungao, &c., appear to 

currffice of the coal- have been deposited in a small bay hollowed out of the still 
measures. quartzites, which foim the greater part of the neigh- 

bouring country, a nb of which is seen at the surface at the northern edge of the 
field, where the coal-measures are suddenly cut off by it. On the other sides, to 
tlic south and east, the seam of coal, which is tolerably thick near the quartzite rib^ 
thins out and becomes very shaly, eventually dpng out altogether. Where the 
scam is best seen, at either side of the ridge on which the village of Mao-be-Iar-kar 
stands, it is from 8 to 9 feel thick, but only the lower ^cition of Uhf, a’ ml 3 feet 
b inches thick, is good coal, and Ims been worked. A vertical section tr ugh the 
beds on the cast side of the ridge is as follows 


Ft. In. 
20 O 
3 6 

3 6 
3 6 


Yellow and white sand.stone, about .... 

Coal, shaly, with much pyrites ... 

Carbonaceous shale «.•*••• 

Good coal with layers, containing much pyrites 

The section at the western side of the ridge is quite similar, th** good coal 
being 3 feet thick. A few gaUerie.s have been driven into the coal from eithci 
8ide„tmt have not penetrated through the ridge, and from these the is at present 
extiaoted. Other portions of the field have also been worked as open quarries; but 
the soft sandstone above the coal is vtery liable to fall J. “r being exposed to idr 
for some time, and all these workings are now abandoned. 

' A Jnodeiatc estimate of, die quantity of coal in the field, that is, orer the area 
under diagonal lines on the plan, gives a total of about 
“of 5».ooo tons, which will supply the demand in Shillong, 
mi. and this is not likely to increase much for many years. 
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i was iittormed by U|js owner of the wine, who lives in the vitU^ «lose by, that 
from lo to la maands left the mines daily, sad pe^aps more in the ^old weather ; 
^bitt even taking the quantity extracted at as' much as so manods daily, the deld 
should last for the next soo years. 

chat of this field contains f considerable quantity of Iron pyrites, wMeb 

GMerai remsHts. swi^er it Unfit for use in steam-engines, sp the stdphm^* 

which is one constituent the pyrites, combines with and 
d^tcc^ the furnace bars. It has the same effOM on the barf Of ordinary grates, 
fw does not destroy them so quickly, as the heat produced id them Is not so great. 
Otherwise fhe coal is very suitable for household purposes, as it hums readily with a 
good Same, and it would ]wobably yield a very fair quality of gas, if this is ever 
introduced at Shillong. 7^ Lajrungao coal, however, which does not iqipear to 
Ctmtain, so much pyntes, would probably be better in this respect; and if a lajrge 
•npidy weretoqUuMfor this jrarpose, it could probably be obUtned at less cost from 
diM OMhfield or from Cimrra Ponji. 


♦ 


Rkrtker Note on Indian Steatite;* By J. R. Royle, C.I.E , India Office, 

London, 

Ift tha fartliafajice of an endeavoar ta meat a demand for fine steatite for tbe tnantt&icture 
dl ||a 84 kitrnerf in Engtimd, the subject was taken up by the India Office m connection with the 
Coionla} and Indian Institute. Enquiry was instituted, through a despatch from Her Majest/s 
Secretary of $tate fpr India to the Governmentjof India, as to the quality and value of Indian 
suited to the purposes required. 

A eery fair knowledge of the ordloaiy features of stone from various parts of India had 
ekeady been acquired by the Survey , while certain localities in the Madras Presidency were 
leaowti as yielding very good stone. New speuShnens were, however, sent down to the Survey 
irwm dilFprefit districts, the Madras Government arra|^ing, in the first instance, that their then 
Mr. Boswoith Smith, should make preliminary trials of the stone from that 
t^lhemdency as far as means were at his disposal. 

A more^lnborate secies of experiments was then instituted in the Survey laboratory by 
|lr. Fi R. Mallet, on which he reported in his NoU on Indian Steaitie, published in Vol. XXII 
I1889} of dmse Records, in which, also, he embodied Mr. Bosworth Smith’s notes^ 

Mr. Mallet, after trial of the specimens from the Madras Presidency, the Central Frovino^s, 
Rajputmia, and Burma, came to the general opinion that ** althcmgh the final selection of 
tke most suitable material must be left to the gas engineert^ themselves, it wHl. I think. Ibe 
found ttmt the variety like A i. from Maddawaram In Kurnool, and the stones from Gulumari^fl 
the AwanUpur district, and Raiwslk in Jaipur, are among the best, whHe several other sampfis 
appear to he eery promising.** 

All the spectment were then despatched to the India Office for further treatni«nh 
casults of Much are given fn the following ^^emorandum oo Indian Steatite** by Mr. 

of the India Office, in commontcatton pHitb Sir G. Birdwood, K.C.I.IS., C 



Ifi accofdance with your umtiucuonsy on receipt o¥ the specimens of 
to in Ibe letter ^rom tfie Government of India, Mo. 1 (Museoms ttfjid 

* See Records, Geol Sig^c#lndia, XXIt ^ Sit 
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bilions), dated 2nd April 1889, and fully described in the Memorandum by TMr, 
1\ R. Mallet, I made the neces^^ary airangements with the Stores Department, and 
personally superintended the cutting up of the specimens at the Stores Depot, 
Relvcdcrc Road. 

The circular saws and appliances at the Dep6t, being mainly intended for use in 
the manufacture of packing-cases and similar rough work, are not suitable tor any 
delicate expen mental work, but they sufliccd for cutting from each original block a 
few sample slabs for distiibulion. 

The whole of the samples were then arranged for inspection at the India Office, 
and Mr. Sugg (of the him of W. Sugg & Co., Gas Enginceis, at whose request the 
specimens were originally asked for from India), was then invited to call and see 
them. He selected sevc»i (out of the iwciitv -two sent from India; as being worth 
experimenting on, with a Mew to testing then suitability for the manufacture of gas- 
burner tops. The remaining samples were pronouetd not suitable for the purpose 
reqiiiied, either through their being manifesth too full of hard and gritty specks or 
er)suls, or through being too llak) to stand manipulation. 

The samples selected for tiial were — 


NtA Mc^rk. 

j Ol<l Ma»-k. 

j t oc ilitv. 

A 

! A I 

Ma<ldawardm Kurnool 

n 

’ A 2 

Micidawaram Kurnool 

c 

B 1 

' Pt^ndikallu Kii nool. 

I) 

1 n 2 

j Pcnrlakallu, Kurnool. 

i 

L 1 

1 Pathur N .Vreot 

k 

None 

' Mora, J npur 

s 

Noik* 

Mot a I upur. 


K(.iTiail b. 


, t This sample wvs finally approved 
' oi by Messrs. Sugg. 


Messrs. Suggs report on the samples exper rented with . ippended, and a 
specimen of a perfect burner top ma<le from sample A, as well as damaged burner 
top fiom sample R, showing bow a slight Haw in the material makes it unsuitable 
for w 01 king, are also foi warded herj^with. 

As a result of their cxamiirition, Messi*^. Sugg ask that a trial consignment of 
five tons of the steatite, sample A (A i in Mr. Mallet’s memorandum) may be pro- 
cured for them in blocks averaging mk inches cube. 'Ihe probable cost of this 
variety, which conies from Maddav*’aiani village, Nandial taluk, Kurnool district, is 
estimated in Mr. Mallet's mciiioianduiu to be about 3/. yr. to 4 ^- delivered 

m London, but I explained to Messrs. Sugg Uiat it was impossible to quote a firm 
price until a regular trade in the mineral was established, aim mat, seeing that the 
first Order was so small, the cost of a trial consignment would almost certainly be 
mcrcased owdng to the initial expenses of selecting cuilable blocks of stone. They 
have consequently agreed to pay up to 10/. or 1 1/. per ton for the five tons ordered, 
to include delivery at their works, but they ask that the cost may be kept as low as 
possible, and that, if the material can be supplied for less th£*.n their limit, they may 
have the benefit of the lower price. 

So far as it goes this is ^ntisfactory, but it is evident that so small an order ns 
five tons, or even the possible ten tons a year which Messrs. Sugg in'ght eventually 
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consume for gas-bumer tops, is of little use alone for establishing a trade with India 
in the material, and if this is to be done a more extended use for it must be found. 
Messrs. Sugg are confident that there must be many uses for it if it can be procured 
at a reasonable price, but it has not been possible as yet to arouse much interest in 
the subject^ although numerous letters with invitations to inspect the samples have 
been addressed to makers of gas-fittings, gas-stoves, gas-engines, acid pumps, fire- 
proof paints, lubricating materials, makers of toilet powders, and others, while atten- 
tion has also been drawn to the subject by the editor of a paper devoted to the gas 
and water interests. 

Since the receipt of Messrs. Sugg’s order, endeavours have been made to obtain 
further orders for the same variety as that they have selected, but as yet without 
success, although a maker of toilet powders and soaps, and of a preparation used as 
a desiccant by medical men, under the name of Terra Cimoha laevigata, or 
White Fuller's Earth, ’ has pronounced this variety of steatite to be good enough 
to replace a variety which now costs him about 3or. per cwt. 

But the total quantity required for this purj>Obe annually is very trifling, and the 
same maybe said with regard to the requirements of the various branches of the gas- 
engineering trade. 

It has been ascertained that about 90 per cent, of the steatite at present imported 
into England from the Continent is in the ground state, in whicli condition it is used 
by various trades. It is estimated that about 3,000 tons of dilTerent varieties of 
steatite arc at present imported annually, and of this quantity probably about 
tons only are in lumps or slices. 

Good crushed steatite may generally be purchased at from, say, 50.^. to 8of. per 
ton. Qf course higher prices than the above are paid for small quaattities fur 
special purposes, but the trade in these special varieties is very limited. 

It would appear, therefore, that there is really an ample supply of steatite ot 
good quality already imported into England, and that the price of small lots for 
retail use — in which would be included the small quantities at present used for gas- 
burner tops— is, to a great extent, artificially kept up. One large importer of 
steatite, ^^hose letter is appended,^ remarks that “ they (/.f., makers of gas-fittings 
and toilet preparations) sell their articles at very high figures, and can afford it; 
therefore why should not the producer and merchant have a share of it ? ’’ 

If we judge solely by this letter, it would seem hopeless for India to compete 
with other countries in supplying England with the crushed .steatite, which is nearl) 
all ground by water-power at the place of production ; but it is clear that the importer 
in question is interested in keeping matters as they are, and is opposed to the intro- 
duction of any new supplies. It is, however, manifest that the average prices 
fetched by the ground material ajre so low that it could not pay to import from 
India solely for grinding, though if once there were a sufficient demand ^for the 
mineral in blocks, considerable quantities of small pieces and the debris frotn quar- 
rying would be procurable at a very trifling cost, and could be utilised for packing 
around the blocks when shipping them to England. 

In connection with the employment of crushed or ground steatite, it has been 
ascertained that shipments of this material hr^ve been made from tliis country to 
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Bombay ; there is, therefore, probably some demand for it there, and it might be 
better to grind steatite of local production in Bombay than to continue to import it 
ready ground. 

But it is evidently only in blocks or slices that its importation into this country 
from India can be really remunerative, and at present its use in this form seems 
to be very limited. Meanwhile Messrs. Sugg & Co. are anxious to receive the trial 
consignment for which they have asked as early as possible, and I would suggest 
that, if the Government of India see fit to comply 'Niih the request for five tons of 
the Madras steatite, an additional supply of one or two cwt. of the same should be 
sent to this office, and that on its arrival here the attention of all trades interested 
in the matter should be drawn, through a paper such as the Journal of the Society 
of Arts, to the opportunity afforded them of procuring good samples free, for ex- 
perimenting with a view to a more extended use of this mateiial. 


/)J/i A^ovfmber 


J. R. Royle. 


No. I. 

Vincent Works. Rfuenty Street, Westminster ; 
jn/1 August iSSi^. 

Di AR Sir, 

In reply to your tcuour ot the isi instant, \se enclose report showing 
rc^^ult of our tests of the samples ot steatite rccci\etl fioin ^ou, trom which \ou will 
see that samples A and (J arc vcr> good, partimlaily A 

Would It he possible for us to gel five 01 ten tons of A foi trial, and in what time 
could \ve have it after ordering ^ 

Vonrs faithfuilv, 

(Signed) Wii lu.M St(n. vS: Co.. Linuied. 

). R. Royle, Esq. 

Enclosure in No. i. 

Report of Tests made wuu Svmpifs of Indi.vn Sii-atitl RttFivfn from 

Mr. Ro\lf. 

Sample //. 

Cut eight blocks for 5-feet T tops ; burned well inside land outside, no waste, 
all good in slotting and screwing ; eight good burners, all baked well. 

Sample (\ 

Cut six blocks for 5-fcet T tops; worked ell, hut lathcr grittv ; slotie 1 and 
screwed well ; none bad ; six good burncu^v, all baked well. 

Sample D, 

Cut nine blocks for 5-feel T tops ; rathoi tbikv, but worked well ; ihiec blov'ks 
split and broke ; six good burners ; slotted and screwed well, not so good as 
A and C ; baked fairly well, not so good as A and C. 

D 2 
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Sample R. 

Cut eleven blocks for 5-feet T tops ; two broke in first process, one chipped in 
slotting; rather flaky, but \^orkeci well, no grit; slotted and screwed well, not so 
good as samples A and C ; eight good burners ; baked fairly well, similar to D. 

Sample S, 

Cut seven blocks for 5«feet T tops; three spoilt in first process, two chipped in 
slotting ; two good burners ; too flaky, but worked well ; not so good as any of 
the other samples ; baked fairly well. 

Sample B. 

Soft, but full of iron pyrites , too dangerous for tools. 

Sample /. 

Hard, and very dangerous for the tools ; almost too hard for the saws. 


No. 2. 

Vincent Works, Rkgkncy Streft, VVistminsifr , 
Stk Au^'ust iSSg, 

Dear Sir, 

We thank you for your favour of the 7ih instant, and in reply beg to 
say that we should not mind giving 10/. or i\L per ion delivered here for ' sample 
five tons of this steatite, for trial. We cannot offer any higher price, as there 1*1 
alwa>s a certain amount of waste which cannot be utilised, and which is not so good 
as the sample. Of course, if it could be procured for le.ss, we should be pleased 
to have the benefit of the reduction. .When our Mr. David Sugg had the pleasure 
of calling upon you, he understood you to say that this steatite was easily procurable, 
and, so far as selecting it was concerned, this did not appear to be very necessary, 
inasmuch as he understood that the quarry yielded a large stone similar to wliat 
he saw in your sample-room. 

We trust there will now be no difficulty in obtaining this sample five tons, and, 
with regard to payment, we should be willing to pay for the material on delivery. 

Yours, &c., 

(Signed) William Sugg & Co., LimUd, 

J. R. Roylf, Esq. 


No. 3. 


Dear Sir, 


Vincent Works, Regency Street, Westmi^isihr ; 
/jM August i 88 (). 


In reply to yours of the 12th insta.it, wc beg to tliank you for the 
iiouble you hue taken to procure >tcatilc for us. 
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We trust that the cost will be kept as low as possible, and, if the material can 
be supplied for less, we may have the benefit of the reduction. 

There would be no hesitation in paying loL per ton if one could be sure of 
obtaining the quality approved of. 

There should be a big field for this mineral, provided the price can be kept low. 
There must be numbers of articles uhich couM be made out of steatite, such as 
ornaments for instance. The burner trade alone would not be sufficient to warrant 
a big trade with this mineral. 

Again thanking you, 

We remain. 

for William Sugg k Co., Ltmt/eJ, 

(Signed) David W. Scgg. • 


No. 4- 

I.IVERPOOL ; 

2 ^/h October i88g, 

Df\r Sir, 

I have >our favour of yesterdv^y, and shall only be too happy to give 
vou any information that shall lead to business to mutual advantage. 

1 nofe that you mention that the cost price laid down m London for the quality 
for grinding is 4/. j^r ton, but even so it is practically out of the market in com- 
ptrison with other productions. For your information I send vou herewith sam; 'c 
of steatite marked No. 54, which, including bags and cver\'thing. can be done here 
at your lowest point of 8oj., and this is as pure a.s }Ou can possibly have the article. 
Of course it sells for something more than that figure, but at the figure named it can 
be laid down here, and in large quantities. 

Wfth regard to slices, you are quite right. Engineers have bcc ^ accustomed to 
pay the figure you name, and why should they not? They onl) use a very small 
quantity. 1 suppose that 10 tons per year will cover the v\hoIc of the consumption 
for that purpose in Englaml. 'Hiat you see will never pay the miner, especially at 
the figure you put it down at; and if you think of encoaraging shipments of the 
Indian article at the price you name, you will spoil a trade, and to no purpose. 

There are other shajies and sizes which you have not touched upon, which also 
bring fair prices; but jvractically this is only a retail trade, and at present not likely 
to be of any size. 

As to the toilet powder manufacturers, this is similar. The most insignificant 
part of the trade altogetlier, and what small quantity they do use it must be the very 
finest, and then they must pay a good price for it. 'They sell their articles at very- 
high figures, and can afford it ; therefore, why should not the producer and mer- 
chant have a share of it ? 

I can bring in steatite here of a very good quality, ground, bagged, and ready 
for consumption, at something like 50^. per ton. I can see, therefore, that it ia 
quite impossible for India to try to supply this market in competition with other 
productions. 
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Vou are not perhaps aware of the fact that here, in our owu country, we have a 
very fair deposit of steatite, but it has not been workable to any extent, because the 
article could not be transported to the mill and ground to compete with foreign pro- 
duction. I am going to make a further trial of it in my own mill ; still, although I 
may do as well, I am not in hopes of doing belter than I can do from abroad, 

I may inform you that this is a trade in which I have been engaged for the last 
IS to ao years, and 1 am the largest importer of the article. This year alone I shall 

have run through something like 20,000 bags, 

# « « • 


J. R. RovLf, Ksq. 


Yours, &c., 

(Signed) GfoRGK G. Blackwill. 


Provisional Index 0/ the Local Distribution c^Iruportant Minerals, Miscella- 
neous Minerals Gem Stones, and Quarry Stones in the Indian Empire, 
by W. King, B.A., U.Sc., Director of the Geological Survey of 
India {continued from p. 286 y VoL XXII). 

MADRAS. 

IMPORTANT MINERALS. 

Coal C Iron Ores, /. Gold,*<J, Pctrolpum, 0»/ Salt, Sal, 


Mineral or 
Stone. 

Locality. 

{ 

[ Reference. 

1 

Other ! 

, Minerals, j 

COAL, C. . 

Godavari — 

Bcddadanol . 

i 

Man. lU, 71 , Mem. 
XVIU, 105 r 

V 112; VII, 159; 
XV, 202. 

Cly. Cor. D. 
Gar, Grt. 
Lim. Lir. 
Plm. Q. 
Sal. Snd. 
Trp. 

i 

Lingala . 

Man. in. 71 ; Mem 
XVIII; 194; Rec. 

IV, 59 

... 


Rkmarks. 


38 miles W. N W. 
of Rajahipundry. 
The ^cld was 
tested by boring, 
but withott any 
good coal' being 
found. 

Outcrops of «€Oa 1 in 
the Godavari 
river. Interest is 
again bping taken 
in these oatcrops 
by applicants for 
leases. 
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MADRAS— f / 

IMPORTANT MrNERALS~cry«/»fi«p^i 


Mineral or 
Stone. 


Locality 


kt.feience 


Other 

Minera’s 


Rem\kks 


COAL, 6.— GoD^vARI~r^;w^^i | 

conid I 

Madtiveram (v>r Da. Mm III 71 Mrm < 
1 marcherU). X\ III. 192 K#’c. , 

I , IV sy ' 


A weM defined coal 
ficid, main y on 
‘ the Ni^am s •side 
*>f Ih^ river on the 
Uaniarchar'a side. 
On (he British 
only 25,001 
tons of t )a] are 
considered a\ai* 
able fre^h inter< It 
bfing centertd 
onthi'i fie.il 1890. 


Mai 

Be> .) 


Madras Jour Lit &. L^r 
Sm XI 2^0 242 
C\t of MineraK, 

O-es and Roiks, 
Mitiis, Ccnifil 
ibv)o p 
IS 


L )2fnitc And 1 cnc- 
ous sY iie \ so 
other places a’ong 
the West C oast 4S 
f ir as \\ ar *ki i in 
rravani •»»# aril 

I northwa-ds into 

^ouih Kanara 


Nil Giat- 

Kunda Mts 
Ootataniund. 


Man III, 120 Ci\GGRT|Peat 


jour, S >C Arts,; 
) ihyi, joi j6(y \ 
District Manua , 
0 


1 Ltf Nunior'vus peat 
OcHK , swamps or bogs, 
' ui liNcd to some 
’ xt<nt mis^hl be 
I tried on p'op s^ d 
I new h ll raiiwa) 


Waindd 


j Many peat swamps 
1 h e land of 
swamps 


Nizam's Dominions— See N’l/am’s Domi -1 


Aksapiir . 
Antargaon 

Ahpati 

BundeMi • 

Chinur 

Damorcherla 

Kamarum 

Sasli 

Singareni 
Tandur • 


Manjn,72 75 


Coal noticed inci- 
dental y here, as 
great part of the 
tern iry is usually 
talked «. f as m the 
Madras Presi- 
dency, 

Singareni is now 
in lull work ng 
order , turning out 
over roo tons a 
day 



Mineral or 
Stone. 


Rtcortis of th« Gfotogieai SHrvty of Indiu. [voi*. xxm. 


important MlNS|tAaM#MMf*^ 


Locality. 




OtW 

Morals. 


^nuAnnn. 


COM, C— PONDICHCltRY— 
toM€ld, Savor (Hahoor) 


Ree. XV)L m 


Salkm— 

Sbevaroy K»llf 


f South Arcot— i 

Tofum, ferry over the | Man. IV% 253 
Vellar. 


[ Travancore State— j 
; Warakiiii . • i Rec. XV, 92 — 94 . 

Quilon. 


IRON ORES, Bellary- 


Copper Mountain Rec. XXIT, 27 
range (2). 

Kalhalli Sadda range R. B. Foote 

(4). 

Mallapanbctta range Rec. XXI. 51 

i (3)- 

I Naddevi band (8) , R. B. Foote 


Sandur Hiila (1) 


R. B. Foote 

Rec. XIX, 104- 
107; xxn, 24- 
-7* 

R, B. Fo(>te 
Do. do. . 


Sindigiri Hills (7) . R, B. Fo(>te 

Teligi Hills (5) . Do. do. . 

Timlapur Band (6) . Dok d^. . 

Yellapaduga Band (9) Do. do. • 


P*«t In tReatla- 
♦lorn, at depths of 
^3 330 feet. 

Contains a very 
i»rgc per(^entagr 
of moisture and 
j ash. An attempt 
j tVM made to wotk 
I this deposit .md 
I compress its ma- 
; terial into bricks, 

I but the scheme 
fell through. 

Two peat Swamps 
of good size, not 
used as fuel at 

( present. 

R* B. Foote. 

A bed of pe.it is 
here eajxised at 
ebb tide only. It 
consists mainly of 
leaves and fruits 
of dicotylcdenous 
trees. 

Lignite, ligneous 
shale, trunks of 
j trees. No value. 

These localities are 
numbered accord- 
ing to their impor- 
tance. 'I'he dis- 
trict is immensely 
rich in hjematitic 
ores of fine quality, 
all belonging to 
the Dharwar Sys- 
tem. Smelting is 
carried on to a 
considerable ex- 
tent at Kemala* 
pur, Kannevi. 
Lalli>Siddag^l and 
Marravanhalli. 
Many of th^ beds 
in the Sjpmdur 
Hills arc man- 

ganiferbus. 
Ochreous beds of 
very varied Colors 
are associated 
with iron beds. 

R. B. Foots. 
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M A DRAS — ttminued. 
IMPORTANT MmERALS~cm/ii«Nei». 


Stone. 


I.^contd, 


liocality. 

Reference. 

' CMiHotaPut 

Man. III. 56 ; Mem 

1 

X. 131. District 
Manual. 

COIMBATORK . . > 

District Manual, 

Bbavani j 

2'4 BulfourX 

Che nnimalat. 

Cyclop^edu, Art 

j Kinattukadavu. 1 

Iron. 

1 Mutnur. j 


1 

, Cl’DO ^*1 

! 

uuddapab Man , 26 j 

j Chin*aknnta 


j Chintuicberru , 

Mem Via, j8o ‘ 

1 Nerrab^k. 

1 Yerraguntla Kotta 

Man. Ill, 357. 

Godavari — 


Chittapuru . . i 

Man. 111,358 Rec 

Golandi . 

IV, 114, V 2t) 
.Man. Ill, 3 ‘; 8,1 

Lutchmipur^m . 

.Mem. XVT,25S 
M... III. 3^ 

Polarum , 

1 Heync*s Tracts 1 
218—225. I 

Man. in 3«^S * 

Rajahinundry . 

1 .Mem. XVI, 255 j 

Raniankapet . 

Man. Ill, 358. 

! 

Tnpati . . . i 

lieyneS Tiacts, 
218—225. * 

Man III, 

I<I.STMA — 

Mem. XVI, .155. j 

... < 

1 

Guntur • 

1 

1 

Catalogue of Mi- 

Jaggaiapelta . 

nerals, Ores, and j 
Rocks, Madras 
Central Museum, 

6 

Mem. Vlll 294 


Other 

Minerelii. 


RgltARKS. 


^ Many pertii of the 
. later itie deposits 
are rich enough 
to give a fair qua* 
lity of iron. 


Grt Lim i not been surveyed. 

Nit. Q. Iron ores occur 

Sal. Sop. locally, and are 

smelted by the 
natives in some 
places . but no 
information is 
available as lo the 
•tources of the 
ores. 


I Iron furnaces. 

Ore derived from 
sandstones. 
Furnaces. 


: derived from 

[ istone. 

1 Furnaces. 


Ore derived from 
sandstones. 


N'licious ore. 


The country north 
I of the Travelier's 
Bungaluvp in co- 
vered writh debris 
ot very rich hae* 
malite which is 
smelted. 
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MADRAS — continued. 

IMPORTANT MINERALS— 


Mineral or 
Stone. 

Locality. 

Reference. 

Other 

Minerals. 

Remarks. 

IRON ORES 

Kurnuol — 


Cop. D. Grt 


/ — (QntJ. 

BachapilH . • 

Man ni, 357; Mem. 

Ld Lim.Q 
SLt. Snd. 
Sop. Trp. 

. 1 

Mostly h.ematite 


Gani Hill. 
Golchinpollam 
Kudciiinal Kalvva 
\ Ramulkota 

j VUL 277, 27Q, 

i District Manual, 
j 97 ‘ 

Ditto, 

, Ditto. 

' Ditto 

1 

1 

and specular iron 
ore. 

Gunnigal IMI, irt 


1 

i 

Rudrar 

i 

1 

Man. Ill, 357; Mem 


the neighbourhood, 
is m great part 
made up of pure 
specular iron ore. 

In the Sirvel taluk 

1 

1 

1 

1 

1 

1 

i 

Serins pur 

Veldurti Hill. 

Madura— 

> Kottampatti 

VIII, 277. 279, 

alno Madras Jour. 
Lit andSci,XX 
New Series, 299. 
Ditto. 

Man. 111,347; Mena 

1 

IGrt. Ltf. 
Sal Snd. 

1 Chiet smelting 
place. 

The lattrltic beds 

1 

1 

1 

Malabar-*- 

Arakkaparamba 

XX, 98. 

1 


are remarkably 

rich in iron in 
many places. 

Haematite in quart/. 


Chembrassin . 

District Man. 11 , 

1 

Not worked now. 
H.ematite and m ig- 


Kolangodu 

ccclx and ccclxvn 
Buchanan's Jour- 


netite in gneiss. 
Black magnetic 


Kottayam Taluk 

ney, 1 1, 386. 
District Man. 11 , 


iron sand. 

Iron occurs in yari- 


Mangada 

cccxv. 


ous parts of the 
Taluk. Not 
worked. 

Latcritic ore. Mine 


Melattur 



abandoned 
.Mines abandoned. 


Nemini « . , 

... 

• • 1 

Magnetite in gneiss. 


Pandikid 

Porur , . , 

District Man. II, 
ccclix dt ccclxvii. 


Still worked. 

Magnetite in gneiss. 


Tachambira 



Still wofIceJ. 

Still worlsed. Mag- 


Vettatur « 

... 


netite add haema- 
tite ocettr in the 
gneiss near this 
place. 

Mines abandoned. 
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MA DRAS — continued. 
IMPORTANT MINERALS— mbOhW. 


Mineral or 
Slone. 

Locality. 

( 

Ri‘{<*rcnce. j 

Other 

Minerals. 

Remarks. 

iron ores, 

J.—eontd, 

Malabar—com/^/. 

1 

1 


• 

VVaitiad Taluk . 

Distiirt Man , U, 1 
cccxxxit. 1 

1 

1 

1 

Iron occurs in va- 
rious parts of tie 
Taluk but is not 
worked. 

N( ir.—l l.c Be\ pur Iron 
Worley hare ber-u 

cloetd for in<in> yeari. 

1 here IS no iroi* ore »t 
ne>Ii.r It vv.iii ot ijr 


Nbllore— 

1 

Crv Cop ! 
Gar Grt. | 
Gvp Lim 1 
L 1 E. Sal. j 
SvD Trp i 

unieltcd there 


Cliundi Mills 

Man. Ill, ; Mfm 





XVI. 17. 103 ' 




Gu'^d A 

Konijedu 

Onycie 

Neliore M.in., O3 j 

1 

... j 

Magnetic iron beds 
of great bue. 


Shinampudi Tippa . 

NlLOlKl — 

DodabettA 

jakatnla (V\ elliiigton) 

1 Karachol.i 

(Man. HI. 352. 

\ Mom. L 210 
\ 248, Ma<lra'* 

y Jour. Lit and 

\ Sci, IV. 249. 

1 

Magnetic iron beds 
of great size. 

H.ematite, specu'.ir 
non, and lateni'o 

ore. 

! 

! 

1 

North Argot— 

i 1 

1 

Verragutti . . ^ 

^ Dist Man ,7 . j 

1 1 

1 

1 

ClY Gri 
Livu Lii- 
Nit Oghr 
Sal, Si tk 
Snd. Sop ' 
Trp, I 


1 

j 

PuDAKOiTAi Stair— 

Hoyno’s Tract's, 
1^. 

... 1 

1 

1 

1 

Iron is manufactured 
here from magne- 
1 tic iron sand. 


Ayengudi 

Man III 347 , Rcc 
XIl, 147, Mem 
XX, 98. 

1 

... * The lateritic ron- 

1 glomerate around 
this place \< re- 
1 markably rich in 
iron. The old 
j smelting industry 
j is quite extinct. 


Mallampatti 

Sai.bm— . 

.tt 

... 

Chr Cor. G. 
Grt. Lr« 
MAg. Sop. 
Trp. 

' A rich bed of mag- 
j oetite. 


Godumalai (5) . 
Kanjamulaj (i) 
Kalimalai (4) • 

Singlpatti (3) . 

Mem. IV, 280 

Ditto, 379-86. 
Ditto. 284. 
Ditto, 288. 


The localities are 
numbered accord- 
ing to their impor- 
Unce, as groops. 



- - - 

.... 
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MADRAS— 

IMPORTANT MINER 


Mineral or 
Stone. 

Locality. 

Reference. 

•IRON ORES, 

1 

Salem— coM/if. 





1 

1 

TalUmalai (4) . 

1 Mem. IV, 284 


Tirtamalai (2) • .1 Ditto, 289. 


! 

I 

I 


I 


I 


} 


I 


^oi*TH A Rear — 
Chirina Tirupatti 


[ Mudur Hill • 

Pallapundi 
I Pompurapi • 

j Virangani 


. Man. ML 350 Dis» 
tnet Manual, 373 
Mtm fV, 293 

• Ditto, 294. 

. Ditto, ,, 

. I Ditto, 292. 

• Ditto, „ 


Other 

Minerals. 


Remarks. 


These live ^oaps 
include all the im- 
portant magnetite 
beds The Porto 
Novo Iron Com- 
pany had their 
smelting works at 
Pulampatti, 36 
miles west of Sa- 
lem , and u*'ed 
Kanjamalai ore. 
Natne iron is 
largely made at 
Ra/apur, and 
Tamma m p a 1 1 1 
The Pul impatti 
iron was admirable 
in quality Thi 
whole available 
stock m P.ugland 
v^as boujjht and 
uMlized in the 
BntanniaTiibiuIar 
bridge- 

R B. Footp. 

Salem is also 
fanious for its 
chromic iron ore , 
for whirh see 
under Chrome 
ores. Not worked 
now. 

Smelting on a large 
scale was formerly 
earned on at 
Porto Novo by the 
Iron Company ot 
that name. 


1 Tasjore , 


I 

I 

» 

1 

I 

I 

» 


Cly Lti 
Snd. 


0 


No iron Industry ex- 
ists noMf , but the 
1 a t e r i 1 1 c rocks 
along the western 
side of the district 
are loctlly quite 
rich enough 1 n 
iron to have been 
worth smelting 
when fuel waa 
cheap 

R. B. Foote, 
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Mineral or 
Stone. 


IRON ORES 
J.^concld. 


COLD. Cl 


MADR AS— 

IMPORTANT MINERALS-ro«/miie^/. 


T^ocality. 

Reference. 

Other 

Minerals. 

Remarks. 

Tinnbvellv— , 


Gri. Lim. 




Lte. Sal 
Snd. 


The Southern Ghats . 

Rec. XVI, 24 • 

1 Great quantities of 



; 

Magnetic Iron 
sand are washed 
down from the 



\ 

j 

mountains, but no 
iron industry ex- 
ists now, nor have 

1 


I 

1 

anv traces of an 
older one been 
met with. 

1 



R. B. Fooie. 

I TRAVANCORE SrATB — 


1 

1 

! Mukuoinalli 

* Report, British 

1 

1 

! 

1 (Moocoomnalley ) 

i 

As*‘Ocialion, Ox- 
1 ford, i 86 j. 24. 

! 

1 

1 

1 

i 

♦ 

I'RfCHIVOPOLY . 

1 

Man. Ill, 347. 

i 

1 

i 

Chattiramani Hill . 

1 Tholur 

• 1 Mem. IV. 29s . 

! •” 

1 

'Two large and rich 
beds of magnetite. 

' Bbllary— 

1 Man. Ill, 187 

( 

1 Ant. Cly. 


' 

( Cop. Cor. 



Camvchulljr 


Chi^gateri 


tjRT KM AG 
Man*. Ss’D. 

Sup. Trp. 


Balfour’s Cvclo- 
p.«<lia, 3rd Ed , 
1685, Art- Gold, 


Jageracuiliguda 

Balfour's Cyclop. , 

i 1 

Kongana . « . 1 

R. B. Foote. 

1 

Madura , . . | 

1 

1 

! 

Man. Ill, 179; Bal- ; 
four's C y c 1 0 • 
p:eviia , Madura 
Manual, 30. 

Veigei, R. 

) 

i 

Patakanuih 


A t»act of the Dhar- 
war Series, west 
and north of Chig- 
gateri, Harpan* 
balli taluk Fair 
shows of gold were 
obtained by wash* 
ing in several 
places. Many 
good-looking reefs 
exist, but no free 
gold was seen in 
Ihero. 

R. B, Footk. 


Poor auriferous 
sands ; derived 
from the denu- 
dation of the PuU 
ney Hilts. 
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MADRAS— W. 

IMPORTANT MINERALS- 


Mineral or 
Stone 


Locality, 


Reference. 


Otlier 

Minerals. 


Rsmarks, 


GOLD. G — Malabar . 
contd* 

Beypur R 
Karembat, 


Nellambur Valley 


Warned . 


Man in, i8o» Bal | 
tour's C y c 1 o • 
paedia, Art fiotd. 
Records, VIII, 30, 

31 ; XI. 234— 246 I 


See undei Nil^ir 
Distrut 


Mysore and Cooro 


Belpumba 
Beliibt tta 
Belligudda 
Chiknaiakanhalli 
Cbiranhaili 
Davangere 
Dharmapur 
Gingudda. (Honna- 
betta ) 

Gollarahalli 
Hallakalgudda 
HaltibetU (Hulman* 
dibetta ) 

H. Igere . ♦ , 

Honnabetta (Giri- 
gudda ) 

Honnahatti . 


Min ill j8s — 1^7 
IW four's Manual 


Report on auri 
L fcrous tracts in 
Mysore - R B 
Foote, 1887 


The Malabar low 
country in the 
Ernad Taluq has 
been famous foi 
ages on account 4>f 
its gold i\ashings, 
though these have 
never been very 
j rich The tradi- 
1 tions of enormouv 
I gold production 
have no doubt 
arisen from the 
j continued hoard 
mg up, At rertnri 
permd^ in the old 
history, of gold 
j from the geiifra'ly 
sm.iH productions 

The Watndii country 
has vv I hin the lai»t 
few y* ITS been 
r e d 1 s ^ r 1 b u teil 
what W1S t i led 
' South East VVij 
nad h IV mg been 
»dd( tl ( ^ the \ d- 
gin dis*Tn t 1 he 
gold'btarmg le* ts 
of Sf ulh h ast 
Wain'ld extend 
into Mfilabar VVai 
n, 5 d, v\h(ri thiy 
also ire to a lesse r 
’ extent auriferous 

Mysore and Coorg 
I are ordinarily con 
sidered a pirt of 
I th<‘ Madras Presi- 
dency The dun - 
teious tracts are 
' theiefore entered 
I hero iricidontally. 
j See und^r Native 
Spates. 
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Stone, 


gold, (7.— 

conitl* 


King: Provisional Index. 


*39 


MADRAS —continutd, 

IMPORTA.NT MINKRALS-fO««««,-<. 


Locality. 


Mysore and C(>org 

contd. 
Honnalli . 
Ilonnamarndi . 
Hulmandibetta (ILilti 
betta.) 

Talagaranhalli . 
Kalinganahalli 
Karadihaiii 
Karimudanhalli 
Keiuuinkoie 
Kolar 

Kotcmaradi 
Kudrikonda 
MaDabannur 
MalUinhalh 
Nadapanhatli 
Niif'g’ii 
Puivanhalli 
I’ura 

Sb'^ttihalii tract 
Sonnahalli 
Sulladan^aradj 
1 agg.adurbetia 
YelUivari 




Reference. 


1 Other 

1 Minerals. 


Remarks, 


Rec. XV, 197. 


Report on auri- , 
;f ferous tracts, — 
R. B. Foote. ; 

' J 

I Rcc. XV, 192 -200. 

1 
i 


Report on .aun- 
leroiK tracts — 
R. B. Foote. 


Man Ml. 1 80. 174 


, \ Ualtonr's C\c!< 


p.i'dia, 

Gold. 


Art. 


Dev.'illa (S. K. Wai- Rer, VlII, 20, 45 ; ^ 
nid). 1 XI, aj5. Report 

by R. Brough 
Smyth, 1880, 


The gfild fielc^ pat 
excellence My* 
sore. It was open- 
ed up and carried 
on for some years 
in a very spt-cuia- 
1 1 V e and fitful 
way, until uithin 
the last four years 
when it has shewn 
its true Nnlue At 
present there are 
several companies 
at work ; among 
them the Rala- 
ghat, Great S ;uth 
of M y sore. K-u war- 
i Hmd, Kolar, 
Madras, Mysore, 
Mysore Reefs, 
Kind ’drug, I'ri- 
* -n,8cc. 


C CiY. Grt. a few quartz reefs, 
Lte. Li). which have given 
Ot H. Trp. indication of gold, 
/Cnc. are known on the 

Nilgiri plateau, bit 
then expk.it.ition 
' has not beeu con- 
I tinued. 

S The gold industry 
! m S. E. WainAd 
I still keeps up a 
struggling exist- 
i ence. If promised 
f.iir in the early 
part of the 
eighties, and 
many Companies 
were started for 
working it ; but 
so far this promise 
has not been ful- 
fil led, very possibly 
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MADRAS — continued^ 

IMPORTANT M1NERALS-6o«//hm/-<<. 


Mineral or 
Stone. 

Locality. 

Reference. 

Other 

Minerals 

GOLD, G,^ 
conid* 

NtLGIRI — 

Dcvalla (S E. Wa» 
nid}-~conkl. 

: 



Nunjandd 

R. Brougn Smvth, 
Rf pt to M idras 
Govt, Nov 1879 

I 


Ni7\m*s Dominions— 
loguldodi , f 

Wandali (Raichur < 

Doab) 

1 

1 

|RecXXn. 335 j 

I 

1 1 

1 i 

[ f 

1 


Salem— . 

Daranipurai 

Man MI 170 Bil- 
four’s Cyclopedia. 

1 

Chr Civ j 
Cor. Grt * 
I Li M 

Ltr Macx 
S oi». Tkp 


Trwancore— . 

Man. Ill, 178. 1 

j Clv. G \r. 
Grt. Ltk 
O cH. Oil 
Plm. 


Pcermard . , | 

i Rec. XV, 87, 88 . 

... 


RS MARKS* 


owing to unsyste- 
matic and titful 
working There 
IS no doubt of the 
auriferous cha- 
racter of some of 
the reefs , while 
the devt lopment 
of the reefs them- 
selves IS on an ex- 
traordinary scale. 
So Ur, it IS not 
clear that this au- 
riferous region h is 
been thoroughly 
tested. 

Quartz reefs, old 
niiius and wash- 
ing. Poor 


V very promising 
tract, being fx- 
ploited by the 
Hyderabad Dec • 
can Company. 


Auriferous sands 
(magnetic iron 
sand) are known 
from the neigh- 
bourhood of b dt ni 
and Macdonald’s 
choultry* 


In 1881, 4uring the 
Waindd gold 

fever, hppes were 
raised in Pcermard 
on the cKCurrence 
of quart* outcrops 
there. These out- 
crops are not of 
reefs, but merely 
of quart* -rock 
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MADRAS — continutd. 


Mineral or 
Stone. 


IMPORTANT M:NERALS-<?^?«/#«i^rrf. 


Loea)(ty, 


Reference. 


Other 

Minerals. 


Remarks* 


GOLD, G 
contd 


TRAVANCORE—^oefii, 
Pecrma rd — co ntd 


beds in the t^nefss. 
A trace of gold 
vvas found in a 
small sample of 
the ro< k. There 
IS however a cer- 
tain amount of 
gold in the rocks 
of the country 
which IS carried 
down into the low 
country , for a 
small amount of 
gold IS occrsion- 
a’ly washed fcr in 
the sands on the 
fjuilon coast 


Pf I RO 
1 


Mai vbak — 


C Cly G 
Gri I-tb 

OCH. 


Rec XXIJI 40 


Trava\cork- 
Alleppy . 


Rcc XVn,i4i ay 


Trace of oil 
The sea over the 
mud bank this 
place appears to 
have A small 
qu'intitv ol oilv 
matter distributed 
t h rou g b It, In 
boring for thte 
foundations of a 
bridge over the 
KilUi River, a 
laver of oily shale 
. cr mud was passed 
j through. 

Trace of oil in the 
mud of smooth 
water banks 


bALr, SaL . CHiNatRPAr«- 
Atiiput * 
Chryur « . 

Covelung • 

Ennore » 

KAitur • 
Putivakum * 

VRdA^axnancheri 
VAllur * 
Vayalur • 


Dist Min > 307 


Salt pans. Very 
large out-turn* 
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MADRAS--fo«/j«»«</. 

important MlNERALS-fwiWurfeci. 


Mineral or 
Stone. 

Locality. 

1 

Remarks. 

SALT, Sal.— 

t BHtd. 

G\njam — 

1 

Dist. Man , 274 . 1 Grt Lim 

^ Ste 

Salt-pans in Gan* 
jam> K.alingApa- 
tain, Nanpada, 

and Surla circleb 

I 

iGodwari — 


Salt-pans. 


KibTN V— 

•• 

1 Salt-pans. 


M \DLR\ — 

Attankirci 

Mann ikmli 

Marakolum 
Muttaraplmnapatam . 
Sholtakbuildi 
V'attauurn 

Vairavan^thapatanam 

^ Dist. Man , Pt. j 

> 4. 40' 

! 

1 

Salt-pms. Ti>tal 

outturn 111 Fisli 

127.';. 4059*3 

maunds. 

1 


NeLLoRP — 
Binginapnlli 
Biramgunta 
Devarampad 
Dugara/npitam 
Gogulapaih 
Iskapalli 
Kanuparti 
Knshn ipatain 
Su^nopug^^l»t^ 

'I a da 

Tummalapcnt \ 
Ullapalcm 

t 

I South Arcoi — 

I ChuTiAinpelt 
Gundalani 
Kan(2d<}u « 

Kudik^du 
Manamo^di ■ 

Manavari 
Mark mum 


1 

I 


\ Did Man , 599 


I 


I 

f Did. Mao , 460 

) 


Manuficlured from 
iiiawafc**- T0t.1l 
out turn in the h\e 
j years ending 1H71, 

I 593.873 itiauiidi,. 


1 

I 

I 

1 

Salt-pans. Total 
out-turn 1870 76, 
346,276 maundb. 


I Tinnevei ly 


Di^t. Man., 205 


Triphivopolv — 
Lalgudi t.north of) 


* 


Dist, Man , 6S 


Vl7\(»APAT\M 
HdU heravu 
Binilip itam 
Karasa , 
Kupili 
Pentakota 



i 


Dist. Man * 265 


\ 


BigHt factories, 

>879. ' 


Earth-salt, very im- 
pure, srflall village 
production . 


Salt-panit 
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MADRAS— conilnued, 

MISCELLANEOUS MINERALS. 

M\im,Alin. Antimony Ores, mi?. Arsenica] Minerals, Ars. Asbcstus, A^h. Bismuth and Cohalt; 
Oiesy B»C. Borax, Bx. Chrome Ores, Chr, Copper Ores, Cop, Corundum, Cor, Gypsum, 
Gyp, Lead Ores, IM, Maji^nesia Minerals, Mog. Manganese Ores, Man. Mica, Mi, Natron 
Nat, Nitre, Nit, Ochres, Och, Phosphates, Pho, Platinum, Pit. Plumbago, Plm, Soap- 
stone, Soda Salts, 5 o<f« Sulphur, i'l*/. TinOies, rn. Zinc Ores, Znr. 

Mineral or 
Stone. 

Locality. 

Reference. 

Other j 
Mintrais. | 

Remarks. 

antimony! 

BKI.f.ARY — 


{ 


ORES, 

Sundur Hills , 

! 

i 

Man. HI, 164. BH- 
].ary District 

Manual, 95. 

G. I. Ld. 1 
Man 1 

i 

No traces found in 
the progress of 
the Geological 

Survey. 


VlZAGAPATAM— . j 

1 

1 

i 

i 

Man. HI, 164. 
Vi/agapatam Dis-j 
trirt Manual, 155 1 
Balfour’s Cycle- i 
pzedia. j 

i 

I. M Gar. 
Grt. Lte. 


ASBESTOS, 

Ash. 

1 

Salem— , . , ■ 

t 

Man. HI, 519 . * 

1 

' 

1 

1 

No true asbestus is 
known. The 

fibrous form of 

! 

1 

1 

i 

i 

1 

i 

Serpentine (Balti- 
morite) is com- 
monly as-sociatnd 

CHROME 

S.VLKM — 



with the Magne- 
site veins at the 
so-called Chalk 

Hills” north of 
Salem town. 

ORES, Chr. 

Karupur . 

Tkichisopoly — 

Man III, nj; Mem. 

IV, 315. " 

Mag. 

Cliromic Iron , old 
mines in the 
neighbourhovTid Cif 
the^’Chalk Hills,” 
long abandoned. 


Y’cdichicolum . 

Jour,, Roy. As. Soc 

Cly. Grt. 

Ou the b'lnk^ of the 

COPPER 

i 

i 

OKtLARY— 

VII, 169, 

Gvp, Lim. , 
Ltf.. Mi. 
Nit. Och. i 
Q. Sno. : 
Tur. 

Cauvery River. 

1 

! 

I 

1 

t 

1 

ORES, Cop. 

Harpanahall 

Sugamma Ivetta (Cop« 
per Mountain). 

R. B, Foote 

Newbold, journ. 
Roy. As. Soc, 
VH, 150. 


|Two old workings of 

1 .small size, north- 
cast by north of 
the town. Green 
carbonate lining 
cracks in a run of 
brecciated quartz 
rock. 

1 
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Mineral or 
Stone 


COPPER 
ORES, Copr 
contd^ 


M ADR AS*— f 

MISCELLANEOUS MINERALS— con/fwiierf. 


Loch] ity 

Reference 

Other 

Minerals. 

Remarks. 

CUDOAP\H — 


D Ld. Lim. 


Jungumtazpali . 

Man* III, 340 ; Mem 

Lte. Och. 
Snd. Slt. 
Trp. 

Old lead mines, 

1 long abandoned^ 

1 Considerable min- 

VIII, 270, Jour 
Roy As. Soc. 


1 

VU, 150. 


1 ing appears to 

\ 

> 


have been carried 

i 

> 


* on here when the 

Kistn\— . 

a 

} 

D.Gar.Grt. 

country was under 
•' Muhamadan 

1 rule. Only traces 

1 of copper ore. 

Acnik</iid> fA/nicfun* 

1 

M.^n m, 241 ! 

I 1). Lim. 
Lrs Plw. 
Slt. Snd. 

Extensive old work- 

(Idla) 

Mt m VIII, 2^ ; ' 


mgs Grt:€n and 

Kurnool — 

He>nes Tracts, 
lob 

1 : 

D. Grt Lu 1 

blue carbonates of 
copper m pockets, 
M me worked out 
R B. Foote. 

1 

1 

Ganr Hill 

1 

District Manual, 96 

Lim Lie 
S ii Snu 
Sop Tki* 

1 

Vandutia, or Undut 

Cumnnkoncia . 

1 M in III, 240 


la plateau ; old 
mines. 

1 Old and worked- 

1 

Rematci 

* Mem. V HI, 268 


out mine. 

Films of earthy 

1 

( 


1 

1 

1 

green carbonate 
lining joints in a 

1 run of brecciated 
quartz rock. 

R. B. Foote 

Somadijlpt l» , 1 

i j 

^Neilort— , 

! Man. Ill 241 
MiinVIlL26g 

i 

1 

Clv Gyf. 

[ 

1 1 

Garimanp< nli or 

Man. lil, 242; 

! Grt. Lie. 
Mi. Sal. 
Snd. Trp. 

1 

Many attempts have 
been mawe to 

1 Giinniprnta 

Mem. XVI, 185; | 


t Gorwanpiii, 

Rec, XII, 171 , 


work the /Nellore 

Yarapillu 

1 

1 

H eyrie’s Tracts, 


copper onhs : but 

108; Journ. As 
Soc , Bengal IV, 
575; Journ. R. 
As. Soc. Vll, 150, 
Dist. ^^n. 60— 


all have* fallen 
through The 
traces of ^copper 
ore arc, however, 
very numerous , 
and nccaaionally 
promising. 

1 



■■ r -■ , A 
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Mineral ox 

Stone. 


COPI^ER 
ORES, Cp/>.' 
canid. 


CORUN- 
DUM, Cor, 


MADRAS — coiitinued, 

MISCELLANEOUS MINERALS— 


Locality. 


Reference, 


Other 

Minerals. 


Remarks. 


Trichi NOPOLY— 
Olapadi , 
Vepur, 


Anantpur— 

Madaksira 

Punighi 


COIMBATORR - 

ChennimaUi 

Grpichctiip#iliam. 

Cnjclhatti. 

Patalai 


Kistna— 
j Guntur 


Man. HI, 240 ; 1 
Mem. IV, 216, j 
Dist.Man, 69. 1 


• 'J Man. 111,423. 

’i* 


T races. 


Sea green colour. 
Local price R5 to 
7 per 100 seers by 
measure. 


’ ... 1 Bkl. Grt. 

‘ I lim. g. 

. Man. Ill, 422, j 

Journ. R. As | 

Sor Vn, 224, 

Man , 23. 

J .1 Corundum of fine 

j qu . 'll ity, largely ex- 

I j ^rled. 

I ' 

. ' Man. 111 . 424 . < I 

1 Sel. from R‘'r. 1 [ 

Govt, of M.idras 

No. XXX IX. 9u. ) 


I Mysore— 
Appianhully 
Arumali . • 

Bagipali . 

Beygur . 
BurkunhuUy . 
Deysani Kurbanhalli 
Golu^hully 
Kuddur . 

Kulkairi . 

Kundio . 

Mundium 
j Norhik . 

! Nuilapardi 
Perniuti , 
Yedgunkul 

North Arcot— 
Naggari Hills . 


Salem— 

Nammai 




Man. Ill, 422; 
Madras Jour 
Lit. and Sci. < 
^ XI, . 0 ' Journ.* 
R. As, Soc. , 
VI I. 219. My. 
sore Gazetteer, i 


Man. in, 4^3; 
Sel. from Rcc. ‘ 
Govt, of Madras, | 

No. xxxix, 92, : 


Man III, 422 , Cal. 
Jour. Nat. Hist. 

1, 281. t 


Localities and re- 
I feicnces are only 
( given here inci- 
j dentally ; Mysore 
being ordinarily 
considered as in 
the Madras Pre- 
sidency, 


1 


i 
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MADRAS — continued. 
MISCELLANEOUS MlNERALS-<w»<«*tt«< 


Mineral or 
Stone 


CORUN- 

DUM 

cdntd. 


Locality. 


SMh\i~-tonid, 

Shoslasirgamaoi 


Viral imodos 


Reference. 


Other 

Minerals. 


Rkmakks. 


Man 111,422, C-il ' 
lour Nat Hibt t 
II 281 


Very abundant at 
Shot asingainani. 
Rubies .ire re- 
potted to have 
been found at 
Virahniodos and 
Sholasirtgamani 
R. B. Foote* 


GYPSUM, 


Chivglfpit — 1 

h-stuirine beds north] 
of Madras. 


Mem X, I 


Occurs as crystals 
of Selenite. 


Nfllorl — 

Northern part of the | Mem XVI 104 
roa^t canal 


TRirH'NOPOLY— 

Marav itur, north-east 
o\ 

Utatur east of. 


Mem IV, 314 


Lim 


LEAD ORES, Bcllakv — 

Ld . buiidur Hills . . Oiat, Man 95 


Cl DTMPAlJ 


Jiingiimra/pini or 
Bubwapur 


Kotalur 


Man. in, 281 
, jour R As I 

' Soc VII, 217 j 

i Madras Jour Lii. 

Sc Sci XX, 279 
h 289, Dist 
Man , 2O , Ueyne’^j 
Tracts J16 ' 

Mern VUI, 293 , j Cop 


Madras Jour. Lit 
and Sci. XX, 280 


I 

I Selenite crystals in 
I the marine tU^ty 
' beds of finer qua- 
lity and better 
J color than thost 
of Madns. 

Common amon.; 
the th\s, from 
whuh it IS dll 
hcult to obtain it 
c'ein. 


No .authority is 
quoted for this 
statcmi nt and no 
traces of lead 
were met wjtli 
during the survey 
of the stale 

R. B roOTC 


I 


A region o| old an*! 
extensive > mines 
long desreted. 

Crystals of galena 
m a qiiaftz lode 
cros,»ing the 
Penner R* 
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MADRAS— 

MISCELLANEOUS MINERALS— 


Mineral or 
Slone 


Lr\DORrs 
Ld *^c 0 ntU 


Locality 


CUODAPAH — 
Kundala Bori . 


Najrsanpali 
Poicrani Manu 

Karainpudi (Palnad) 


Ki’WHont — 

C?A 7 dj)u)!y (iho re- 
to as i 


j 


Kot'kuntli 


' Sai h m — 

M ru »nr Rii wiy Stn 
(I iv( oi) 


Referenre 


Jour R As. Soc 1 
Vil 217. j 

i 

C Madras Jour I it * 
< an<! Sn XX, 
|( ->79 289 


M\n in 2 ^S 
Mem VIIJ, 27O 


Mm III ^>4 
Mem VIII 273 
I ] »ur As Sor 
J llent: \V' 

3 'o, \VI mi 
\l idr 4s j iur I ii 
Old Si XX 
\ S , 2S0 
1 Ma Vis jour 1 't 
md Sci \X 29) 


Mem \\ '>^7 


Other 

Miutrais 


Dili. Slt 
S s 1 


Cor 1 iM 
Si I Sn i) 


REM\aKS. 


I 


The mim lode at 
I Nigsanpili ex- 
tends into the 
I unkimalla Hills. 

A lo ihty of old 
1 e i d mining, 
in jng pill grey 
ai d ulurish sih 
Clous limestone 

Old mines Argen^ 
ti^erou‘» 


Argertiierous, 


\ ’ ifge Qu'trt? lode 
ir the gne^S'^ 
rr ss 1 ^ the ro td 
t H irur, 3 mi c > 
from the sta ion 
{ i>rned on h* ing 
d p y ]>ro*, itCl 
1 d n iSt>2 t > 
r r 1 1 n ntst'i 1 t 
t,'i’ena, 

K B F(»oth 


MAGNKSIA 

Brr 1 ARY - 


MINI R\LS 

L) i « p . - 

Smill veins of 

A/rlif 1 


white miv,nesite 


in the schiNt 


of the r dge south 


of the Oaron 


tank bund or em- 

. 

binkment 

1 

K B PoorK 

Smfm— 1 1 


Ihe- On'k HilK ' . M<ti III r« 

\ tract Some ten 


M < in 1 V, 1 1 2 1 

Mtuare miles m 


j* Ul R. An Soi . 

area traver^^ed by 


1 ML 1(11 , UiM 

innum* rable \cuw 


' Man , 104 

of ni ignoMle. 


K*i)upa(ti 1 1 

1 


Pavitram . . | . j ,, 

I 1 

1 S E of Namaka’. 
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MA DK AS — toniintud, 

AnSCC LLANGOUS 


Min«ral or 
Stone, 

MAGNESIA 
MINERALS, 
Mag,--^contd\ 


MANGA. 

NESE 

ORES, 

Man, 


Locality. 


TRrCHINOPOLY— 
Tnpani^uli <10 miles 
N. W, by W. of Tri- 
chi nvipiily ) 
Valikondipuram 


Bgllary-. 

Raniandrug. 

Ditto, WVstern 
slopes. 


Reference. 

Mem. IV, 321 

323 

Rec. XXII. 26 


Other 

Minerals. 


Sundur Hills 

Ditto, ditto 


i ; 

I Notes on Econ. Geo) j 
of the Sundur j 
j State, M.idras I 
Govt. 1889, p. 4. I 


l\URNO0L . 

Banagdnpillj 

Korlkantia 

Nandavarain 


Niloiri 


Di$t ^lan , oQ 


Dist. Man., 83 


Rkmarks. 


Magnesite strings 
»n travel tine or 
calcAreoiis tufa , 
apparently due to 
the action of old 
thermal springs. 


Nodules of Hauss- 
manite in schists. 
R. B. Poors 


I South-west spurs, 
. a large supply 
j easily obtainable 
] by quarrying, 

I On the southern 
I Hank ol the 
I Sundur hills ; COM- 
f crelionary manga* 

I nese ore m h.rm.i- 
I tite Si hists and 
‘ quart /itei' 

, R. B, Foote. 

I Said to occur. 

i 


Coonoor . 

Kaiii Vdlley 
Ootacamund Lake 


Vizagapatam — 
Bimhpatam 


Ramachandrapuram 

^ (Salur). 

Viaianagram , 


^ Madras Jour. Lit. 
I and Sci. XXII, 
' 253. 


Man in, 327 ; Rec. 
XIX, 155 , Edin. 
New Phil, lour, 
Liri, 277, 


C Ci.v G. 
G RT L r B 
OcH 


Crt. Ltb. 


Li.m. 


No evidence as to 
abundance or 
variety. 

R- 8. Footf 


Occurs in ^ 8m.»U 
quantity ofi th* 
lateritised top of 
the hill. ; 


Six miles nctrth of 
Viiianagram on 
the road to Pal- 
konda. Psilomc- 
lane, associated 
with limestone. 
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MADRAS — continued. 


MISCELLANEOUS MINERALS-wbWwk^A 


Mineral or 
Stone 


Locality. 


I Reference. 


Other 

Minerals. 


Rk marks. 


MICA» Mi. 

( Erroneously 
called Talc: 
Mica is an 
elastic mi> 
neral; Talc 
IS only 
flexible and 
seldom in 
plates.) 


ViZAGAPATAM — 
Kodur 


KITRK, 

NtL 


Madur\ 


Nfllore— 
Atmakur Taluk 
Gudur ,, 
itamukula 
Kavah Taluk 
Kundukur „ 
Nellore „ 
Mahimalur 
Rapur Taluk 
Vassili . « 

Virur . • 

Salem 


Trichinopoly . 


• Man HI, 52s, 
Dwt Man , 155 


I 

I 


. Man. Ill, 499, j 
Di.t Man, 2;,. | 

1 I 



Man., 67 . 


I 


Mem. IV, 374, j 
Dist Man , 248. , 


Said to bo obtain* 
able in any quan- 
tity but It cannot 
be of good quality^ 
as it sells at the 
rate of 241b for the 
rupee. 

No re —Mica it one 
of the most commoaljF 
dJ'itril. rnnieralNt 

thoutih It seldom occurs 
I >n lirgc enough platt.s 
to be ff commercial 
value. Most of the 
nili a astd for small pic- 
tiirts and ornament il 
ssork, as at Tnchlno- 
pol>, IS imported; but 
for minute work anj 
sparulcft ^ood enough 
ni .tiri.il can Ik* obtain- 
ed in most of the dl^. 
irkts as I ellar\,Co.m- 
batoft, Sattm, rnchr« 
nopfih, A.C 

A common product 
of efliorescence 
from poor soil m 
the neighbour- 
hood of old vil- 
lages , u<5ed to be 
largely manufac- 
' tured. 


Very superior salt- 
petre has been 
exhibited fioui 
Mukula. 


Large quantities of 
nitre were pro- 
duced in this dis- 
trict until within 
late years. 

R. B. Foote, 
Earth salts are 
ve^ common as 
e more see nces, 
particularly in the 
areas of crys- 
tathne rocks. It 
was ascertained 
by commission in 
1876, that 13,719 
maunds of salt 
petre were manu- 
factored yearly. 


/i rwri/j 0 / the Geehgieai Sut'veg ef /ndiei. [ vot. xxin 


Mineral or 
Stone. 


JIM DRAS-^eott/imti. 

MISCELLANEOUS MINERALS— 


Locality. 


Reference. 


Other 

Mineral^, 


Heuasks. 


OCHRES, fBELL\RY- 


Haltada MuDa. 
Copper Mountain 
Kalhalli Htlln . 
Komaraswami, 
Ramandrufl-, 
Sundur Hilii 


NiLtJlR! — 
Nilgui Plateau 
Ooutamand. 


- TRfCHivopnL'^ — 

Trivandpuram . 


, I Notes cm Eoon. I 
j (ieol. of the I 
j Siinduf State, , 
{ Govt, of Madras, j 


M-m. I. ^37; IV, 
214 


Rich red ochre. 
Red, bro\vn» yellow, 
and purple ochres 
m great variety of 
tints* in 

qrtrintity and of 
eJtrcIlent quality, 
occur III the term- 
ginou*? sclnst 

^ruVs of these 
regions 

R B FootF. 


4*7 , Clt G, Grt. Orlireoos minerals 
; IV, I Lip arc exposed in 

, m my cuttings and 

j j excavations m the 

I j decomposed coun- 

I 1 try rocK, gneiss. 


Man 111,417 


I Vcilow ochr<». 

I Noi> Rfd arjft 
vcll<'*\» othr<.s ol many 
hA Its a*-© uf It rv torn- 
riion oci I’rrtficc In all 
tln‘ lain I* I’- .a Is <1 
S. Indi i 

I U B I<v>TH 


FL PMBAGO, Godavari- ' 

F/m. I B»Mltladan<d (Onl M''n III, 4*^ 
! field). 


. C Snd 


In samls of rivf'r, 
\sashe(l down from 
cry it ill me area. 

Only trai;«*s. 

Poor graphiti' in also 
obt. lined at many 
places in hilly 
coaiUry bordering 
the western i dgc 
of district. 


I B^zwida 


' Madors — 
Pantalagadi 

TlSNftvFt.LY — 
i Aifibasamudrum 
I Cu,darurchi 


. Man HI 53, Rec 1 
VII, iCx). , 


, Mem. XX, 21 


•jlMan.in ,53 


Poor and ipiringly 
distributed 


1 races in t^yslalline 
Iimeston^. 

^ Doubtful, but not 
imprababjc. Said 
I to be from dec<;uj- 

poaing gneiss and 
also in kunkar* 


I 


PARI 3l 


King Provisional Index, 


MA DRAS — conitnu^d 

MISCELLANEOUS MINERALS— 


Min#^rai of 
btone 


Locality. 


Refcr#>-nce, 


RSM^KkS 


nUMBAGO Tjtw^NfORi- » 

Plm-^fontd, Po^ulal (io ioiIps N. Min. IH, «;i , 
E. o{ Trivandrum) Journ As Sor 
B» njj XIV Ixiv 
^ XXIV, 2 1 M 4 d 
^ ns jour Lit ind 
Sci 1 ^ 50 , p 257 

Vel’urn'id (neir \ri- Imi »n Mui> 
nad) 


Vl^AOVPATVM — 
K-isipuram 

Hampil’i (Salur) 


. Man 111 >^3 Dist 
M in, 1 S 4 
. Ret XIX, 15 ^ 


In veins in the 
gnesfs. 


j About thf ly*st form 
of gripliiti' known 
! m the M idras Pre- 
sidency Fairly 
^argr qjdntiiy 


Poor, and very much 
mixf d w th gneib- 
sir material 


SOAP- 

SIONF, 

(I n c I a d e <1 

Steatite Pot 
Talr 
(not MiCa)! 
Bulpiim) 


An VNTAIM R— 
Ciu’umarr’ 
Nar] ini[ aki 


Rer XXII O 2 


j Brllvry— 

Antfur (Haddogalli 
1 iluk) 

Arbipjr b M (Harapa 
n iiialli 1 ) 

H ir jpai ahilli \ of 
HosNahal i, S E ot. 
Hurban^i Drug F of 
(Marapan.ihd i 1 ) i 
Kanohkerra (Hvra 
p,atiahani 1.). 
Karasimdf vergud d 1 , 
W, of, 
hftiii r ) 

Nilgundi iHariapana 
ha’ll r) 


Sonialapur (Kudbgi Rti% XXII 62 
T) 

Coimbatorr— 

Dodarap&ialam Dist. Mam , 23 . 

Edamaranahalli (Kol- Ue<. XXIl, (*J 
legal Taluk). 


A s»*r\ jceabli form 
of st<ah*e (om- 
p irt ardfree {roiii 
gr t 


V (Msulprab e indus- 
j »c5 n ftt ip'^tone 
1 es‘»c!> \\ ot \a- 

ras rridcvcrgud d a, 
and at Soniula 
J pur O’d quarriC'* 
at Ai ,fur and 
Niliii n* a The 
beau fuU\ carved 
old t< PI pies on 
Ndgunda raak- 
1 bund at Hri Kura 
vaiit (on the 1 un- 
gabudra K ) and 
'll ilira Haddi^rat 
' ti ai built of hard 
stextpi 

R B Foorp. 


I Gritty m cutting. 



Rnerds o/Ut flToi. xxUr. 


MADRAS •« mUmkd^ 

MISCKLLANEOUS 


M {Herat or 
Stone. 


Locality. 


Rftfmnc«. 


O0Mnr 

MIfiermtiu 


ftiMAtita. 


SOAP- KurHool-^* 

STOME, Maddaaarum (Nan- Nem. VIII. 166 

— cc^jf/dt. I dial Taluk) R«c. XXI L 6i * i 

Dbt Man t qj. I 


I Penda Kaifu (Ramal Rcc. XXIL62 
I kota Taluk) ‘ 


I North Arcot— j 

Pathur (Chiitur Taluk) Rec XXfl 63 


S KI.FM— } 

EswAramafai* Hilb Rcc XXII, 63 
I (Atur Taluq) J 

Karupur (7 mi’es \ 

N W of Salem) J 
Tandagaundenpoliiam r M< m IV, 31; 
(lymilesE S t ^ ^24 
^fem) ( 

Yarmapatti (35 mJIe$ \ 

S by £ of Saleri) / 


South K^nara — 
Manavahke 
Neraoki magavc (Up- 
pinangadi Taluk). 


Rec. XXII, 63 


Sun. Pour niil«9 east ot 
Betamcberla Sta^ 
Uoo, Bellary.Kist. 
nn Ry. Tne best 
variety out of se 
vert! samples sent 
from alt India for 
Inal as suitable* 
I for g!tis-burnen) in 
, Lonaofi, Estimat- 
ed cost per ton 
, delivered in Lon- 
I f^on, ir3-7 to ;^4, 
Seams, tree from 
I gprit, soft and easi- 
ly cut. 


Rather bard to cut, 
but free from grit. 


[ Gntty, cuts with 
difficulty. 


A large industry in 
pot-stone vessels 
was carried on .it 
each of these vil- 
lages at the time 
of the survey 
R. B. Foot®. 


Cuts very freely. 
Quarry or quarries 
600 square yards. 
Cost of delivery at 
Madras, K20-2 per 
ton 


SODA Salem — 
SALTS, Barauiahai 
Sod. 


Trans. Bomb. Ceol, 
Soc , VI, Juur. 
As. Soc , Beng 
X, p 159. 


Soda salts <kctir m 
every dist^ct, and 
especially fin dry 
beds of f tree ms 
that drains cotton 
soil areas. ^ 


SULPHUR Godavari Dist — 

Sui, Sura-Sant Yanam (on Heyne's Tracts, 

the coast in the p 186. I 

Delta). 
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VLABKKS^cMtinu^d- 
MISCELLANEOUS MINERALS-fiwic/«flW. 


Minarvl or 
Ston*" 

1 Locality. 

Reference. 

1 Other 

1 Minerdds. 

1 

RswARae. 

ZINC ORBS, 
2 »c. 

, KuRKOpi, Diat.— 

; Baswapur^ 

Rec XIV, 196 and 


Smithsonite and 



305. 

1 

1 

1 

Blende. 

Specimens of un- 
known origin sent 
to the Vienna Ex- 
1 hibition collection 
from Kurnool in 

1 1873 Supposed 

j to come from 

1 Baswapur. 


GEM-STONRS. 

Amly^r, A>nl>, Btrjl, /?W Dumond, 1 ) Garnet, Gar. Jadp, and Jadeita, Jd. Quartz, Q. 
Kub^tlitu* khl, Kuby, A* Sapphire, 6. Spintl, S}L 


Mintral of i 


Stonn. 

AMHER, 

Atnb. 


Locality 


ThAVAKCCRR SfATF 


RelPfpnc**. 


Amalie, Matena 
' M^dua 'I 1 

Ba four's C)dopTf- » 
dia Art Amber ( 


O^her 

Minerals 


Remarks. 


Copal, 


BtkYI. Bfl 


CoiMB \TORb — 
Padlur 


Pattaiai 

gyarn). 


(nr Kan- 


diamond, 

• D. 


Dist Man , I 

P Hos worth Smith, I 
1 888 * 

Efim Phil Jour 
' XXXIX 171 
Madras Jour Lit 
and Sci XI! 173 
Walhouso “ Indian 
. Antiquary” Vol 
[ IV , Dist. Man , 
21. 

1 M ill. HI 52a 


Ana'Jtapur — j 

Wajra Karur ()0|Man ill, la Rec ? Grt 
miles S. of Gunfa* ( XIX 100, XXL 
ka) Junction Ry. 39, XXIII, 09 
Stn). j 


1 


! 

Gar Grt. Q ^ Occurs m prophyri- 


tic dyke. Aqua- 
marine. 

Beryls are reported 
to have been found 
at Vaniambadi at 
I northern base of 
tne Nilgiris and 
at the foot of 
Lambton's Peak, 


The^ diamonds 
which have given 
the place its repu- 
tation were all 
found on the sur- 
face done to the 
village or in its 
environs* Their 
source is still 
an enigma. 

R, B. Foote, 


Jiecords of the Geehgtcai Sf/rve/ of India, (voi. xxin. 

MA DRAS^eent/nued 

CEMSroSES-eoitfinitee. 


Miueral or 
Stone* 


Locality. 


Heference. 


Other 

Mincffiis. 


Kemakks. 


DIAMONIS 
D. — coniJ. 


I B VWAGVNtMLLI SlAlE — 
(Xurftool Disitut ) — I 
Banagaiipilli 


Man !II, 13; Mem Lim., Snd. 
Vni, 106. 


The low bUh west 
of the town are 
mined for dia* 
moz\ds which oc» 
cur in pebbly and 
gravelly clayey 
se mis among the 
thicker beds of 
quart/ ite sand* 
stone forming the 
surface of the hill. 
A very languid 
industry still 
exists, which, how- 
ever, consists 
chiefly of turning 
over the old waste 
heaps in search of 
small diamonds 
which may have 
been missed in 
the previous 
search. 


CUDD VPAH- 


Ln. Livf. 
Slt. Snd. 


Chennur 

Kunnapiirti 

Woblapab 


Man, III 9'24, 1 
M^-m. Vlll 266 
Di^t. Man , 24. { 


Diamond workings 
in alluvial deposits 
of the Penner R 
The industry has 
been Icng dor- 
mant. There is 
no reason for con- 
cluding that the 
area of diamond- 
iferous alluvium 
has been worked 
out. 


Gooavvri — 
Bddrachellum 


Kistna 


Golapalli 


Mentioned by 
Voysey and New- 
bold. 


Man. Ill, 16; Dist. 
Man. 

below, under 
Malclk 


j Unlikely: |fat strata 
j of the Ciddapah 

I 


and Kuriool for- 
mations ^ occur 
within thb drain- 
age area. ] 
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M A DRAS— ucd. 

GEM*STONES~<^4^j*/fntt^rf. 


Mineral or 
Stono. 


Locality. 


OIAMONT), Kistna- r<3«/£;/. 

1 ), — contd, Koliur (Gajii Conlur) 


Kodavetltkallu 
Malt'll (or M ilavili) 


Muilawarum 


Munuatur 


Sarangapali lull 


Reft fence. 


Man. HI, 1 6 


OtVier 

Minerals. 


1 

I Kurnool , 


Binnur («) , 


Buswapur (i) , 


B}anpa|Ii (^) . 

Deoniarra 


Devanur (*/) 


Gudipad {a) (Nandi- 
kotkur Taluk). 

Goramankonda (^). 

Kappa tralla (f) (Patti- 
kooda Taluk). 


Man. Ill 22 I 

1 

Mtm. XVf, 2^3 i 
Rec V 27 )- i 

neb Fiaclb. | 

Mem. VHI no 


Man. ill 22 


Mcra. Mil ICO .1 


RtMARKS. 


Alluvial Deserted. 

Great part of the 
wild forest tract 
betwey the Kol- 
lur and ChintapiUi 
reaches of the 
Kisina R. is full 
of old abandoned 
diamond mines, 

R. B Too re 

Alluvia!. 

Partly mined and 
partly alluvial. 
Long deserted. 


[ Alluvial f "H 


Man III 22 . I 

I Min III 13, MemJciv Cop Lo 
VIII 90 , Dibt ' Lim I.rr 
Mau., 94, t .Sit Snd 

I Sop, Thp. I 


I K >.'k workings 
' Abandoned ^ 

Rock and a'iuvial 
workings 
deserted. 

Rock working now, 

I 

I Rock working; 

abandoned, 

j Rock working; 

’ ^ ab<ii>doned. 

R»>ck working; 

, abandoned. 


Old rock workings, 
abandoned, outlier 
wej»tof Kurnool. 

M R. B. Foots. 


>56 


Records of the CtologitAt S»or^ of Udin. (voi,. xxiu 


Mfnera) or 
Scone, 


toca/ity* 


GEM<STONES~nMiM«iA<. 


Rrfe««ce. 


J 




DfAMOND, 


Kurnool— <■<?«/</• 
Mttoimadagu . 


Pulikonda hill 
(Pattikonda Taiuk). 


Ramullakotta (r) 


Mem. VIII, loS 


Saitankota (i/) 
Tandrapad 
Timmapuram (r) 


Venkataour hill (^) I 
(Pattikonda Taluk) i 


Yembai (6) (Nandial 
Taluk). 

The above localities are 
grouped under (a), (A), 

W, (‘0. («)• 

Ni7\iiS Dominions — 
Atkur or Atanur 
Barthenypadu 
Mugalur • 

Partial 


Ditto, ditto 


Man. HI, 22 


Sno , 
Clv 


Once an important 
centre of mining 
and polishing ; 
Jong abandoned. 

Old rock workings, 
abandoned ; oatlier 
west of Kumool 
R. B. Kootb. 

Rock workings, 
abandoned , altu- 
vial digging and 
washing still goes 
on. Answers to 
the Raolconda ot 
Tavernier. 

Abandoned rock 
I workings. 

I 

Alluvial , abandon- 

} ed. 

Rock workings still 
' in progress. 

! Old rock workings , 

I abandoned 

R.B. Foote. 


Alluvial diggings 
and Workings. 

Are being now ex- 
ploited i)y the 
Hyderab:^^ Dec- 
can (Jompany 
with very ques- 
tionablo |sttCCA88« 
Referred^ to here 
incidenugy, as 
being jteoerally 
ronsiden^ in the 
Madras Presi* 
dency. SAo under 
Native States. 


I 
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M ADRA S^^coftiiftutd. 

GE M "STONES— we d 


Mineral or 
Stone* 


Locality. 


CARNET. 

Cdf. Kondapilli 


Chundi hilU 
Richerla Konda. 


SaidapurAm 

Tummulatdapuru 


Nicgiri — 


Seven Cairns hills 

I 

! SsiKM — 
Kaujumalai 

Sankagirt Drug 


Refercori". 


Other 

Minerals. 


Man. FIL 521 , 
Mem. XVI, 304 


Men. X\ j, ij*. 


Remarks. 


Kondapiili has long 
been famous for 
its garnets and 
c ar buncles 
j (poli’iheS form) , 
j though the Indus- 
try is very feeble, 
j The garnets are 
1 washed down from 
j the garnetiferous 
1 cneiss of the ad- 
jacent hiils. 

j 

The prismatic forirr 
I of garnet, called 
' Staurohte, occurs 
. with K^ontte in 
nacaccous '»chists 
, These crystals of 
I stdurolite which 
, are \ery common 
\ in the schisU of 
I th( Chundi hills, 
w juld make ^ 
better substitute 
for cmer> than the 
I garr#»t s^rd so 
I tki£;ely coPerted 
} hvi this purpose. 
I Gainrt sand 
J ' ected simParly 
j ' m icy other 
i ti ‘nets of the 
Presidency 
J R B. Fooik. 

Rci^arkabk speci- 
mens of Uigp si/e 
' and very perh ct 
crystallization Of 
I no value ab gein- 
I stones. 


(’ Cl\ Ct ^ 
ti«i Ln 
Lte Oliik > 
/nc. 1 


Man. in 5‘JjJ 
[Miir, R As. S*>c. j 

vn, J 24 . 

I Mem. 1 V^ 380 


Jour. R. As. Soc. 

1 vn, 224. 


' Cinnam n stone or 
‘ jhftSSoHlU. 


Goorl in colour, bat 
wry difhcult of 
extraction. 

Green garnets vi*ere 
I found here by 
j Captain NewboM. 



Records [vol Jixiw 

CSM.5rONBS«-«iW/A*»Mf. 


iHmerAl or 
Stone. 




GARNET, I TRicniNWOLy— 
Cat cant j Kalpatti • 


VlZAOAPATAM — 


Borrakonda hilU 


QUARTZ. 
&c., Q. 


Coimbatore — 
Dharapurain 
Kangyam. 



(Includes rock I 
crystal and Cuooapah — 
the various f Boodanamp 
forms ofl Chiiravutti 
Quartz * as 
Agate, Ame- 
thyst, Blood- 
stone, ChaN Gooavari — 
c e d o n V , Godavari R 
Chert, Flint 
Jasper. 

Onyx, Opal, 

&c.> 




3 .] 


Provisioo^l 

QS M*ST ON BuS^cuftclu^ed- 
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QUARTZAc. 

g^nt4* 


RUBY, A‘. 


TawjorE" 

VqUum 


Mfin. lU, 502 , 
Mem. IV, 217, 
370 . 


Ltb 


Trichinopoly— 
Kuricliikulam • 

(Uil \rpt.iu^in Talut) 
^intboray 


SHuidfi|^amant 


Virali modes. 


I? Mem. IV, 213, 
' ^ Di&t. Mau, 67 


I Man. IH. 429, 
|our. R. A^. Soc. 

VII, 224. 


Cor 


Notfsd as being a 
place where pub- 
bles of rock crys* 
tal are collected, 
probably from the 
debris of the con- 
glomerates in the 
neighbour hood. 
The amethysts 
said to be from 
here, were prob- 
ably importedfrom 
the Coimbatore 
District. 

Flint stones from 
the cretaceous 
rocks- 

Note — Quart'* bciog 
one of tT»« tommoncBt 
nuk mincraU, U*i pre- 
atucc In one form or 
otl cr, p.)rt)i ilarlv m 
the crvKtatlinc vondi- 
non, IS aimoEt uni- 
versal. 

Probably a led 
coloured variety of 
cr^ stallized * oruu- 
dum and as such 
a form of poor 


QUARRY STONES. 

Claya, C(y. Gr&nite, Gneiss, &c., Crt, Latente, IM, 1 imestone, MarbUs, Kunkar, &c , Lim, 
SUte, Sit, Flap, Batrak, Ac., Trp. 


Mioeral 

or Stone. 


Locality. 


Reference. 


Other 
Mmer iK 


* Remarks 

t 


CLAYS, 


Chinolkput— 
Kuppam 
Pakkam NaU • 
Sripernyatar 
Valley of the Attram 


Man. 111 . 561, 

509, Mem. X; 

I 


i 

Extensive beds of 
high claiii. white or 
^ pale clays occur in 
1 the Upper Gond- 
, warm (Rajmehal) 
1 seric's. The Kup- 
1 pam clays yielded 
t good results at the 
Madras School of 
‘ Arts. 

, R. B. Foote. 


/iec«r*is 0/ the Ceohgimi Survey [vot. xxut 

QUAURY STOmS-a^titiued. 


Mioersi or 
Stone 


Locality 


Reference. j 


CLAYS, C/y. KiiirN\— 
— c9fM Chebrolu 


Mem. XVI* So 


M \LABAR — 

Cuhcut 

1 Tifivaloy (Palghat) 


NbLLORE 

Pytndipadti 

VeinavaramJ 


NOivTII ARfOT- 
(’fUildiathanur 
\ cllorc 

i Sot TH A ROOT — 
Panirutti 


South K \n \ r \ — 
Mingaloi#, N of 


Trwancorh SxArt 
Tbichinopoly — 

Tcr’iiii 

Utakoil 


Vemmani 

Vj/\CxAr 


Vi/ianagram 


( I Dist Man 


'i Mem XVI, <52. 
> 67 . 


Di^t Man 91 


Hoc XII 207 


Man III, 1562 


jour As Sue ! I TK. 
Btng X, 907 1 


I Industrial Arts of 
! Indi, i 3 <; 

Mem IV, 2 ti , 
Ditto, 212 


r* me white claya oc- 
cur among the 
patches pt the Up- 
per Gondwana 
senes, about Che- 
brolu, in the neigh- 
bourhood of Gun 
tur 

Brick and tile far* 
tones at Calicut 
and Tirivaloy 
1 clays being ob 
j tamed from river 
bedsof neiglibour- 
‘ hood. 

1 Soft clays and shale<i 
I in beds of L pptr 
Gond^ana senei 


Supply of Kaohn 


' Fine ptasdc 
j near the south 
bank of the Gud- 
dafum R 

I 

C lay of very fine 
character A larg» 
brick and ti'*» far 
fory earned on by 
the Basel Mis^sion 
Mnnufirturcd into 
red earthen-waic. 

Pottery clay, 
j Pipe c lay of fine 
I qu dity Common 
’ red clayss. 

' Plastic t.l^y 


Rcc XIX, 153 


Cor Gar 
Grt Lim j 
Lte Man 
Ml Kir I 

I OCHR PuM I 

; S^L 1 


I Kaolin o( superior 
] quality , approved 
at the Madras 
School of Arts 


i 
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M ADRAS— ued, 

QUARRY STONES — continued. 


Mineral or 
Stone. 


Locality, 


Reference. 


Other 

Minerals. 


Remarks. 


granite, 

^ Cft, 

(Inclufle* all 
faiily coiD' 
pact crystal- 
line rocks ; 

gneiasas 
of all kinds, 
generally of 
grey-green- 
ish, or fl^sh 
colors. Not 
compact, 
massive. 

black or 
dark - gre<»n 
rocks such | 
3,% Basalt j 
Trap, &c.) j 


Anantapvr— 

A nan ta pur 
Gartadinni 
Guti 

Nag^samudra hills 
Patakacheruvii hills 
Sankarabauda 
Uruvakonda hills 


Bkllary— 

Adooi 

Alur 

Bellary . 
Darosi 

GudlkcM* hills 

Hampi 

Haraj>anahA!ii 
Jernmalla hilis 
Kotakal hill 
Kurgode . 
Kaidrug hills 
SAuj;ank.il 
Takkaikota 


Dist. Man , 


CMlNOLKpnr— . 


Cuddapnrai Choultry | 
Nandi vcrani . . ' 

Palaveram 
Patandalam 
Seven Pagodas 
Tirukari Kundram 
Wallajabad (2^ miles 
N. E. of.) 


Mem. X, 131 


Great wealth of fine 
granites and 
gr.eis'>»*‘-' of many 
tints m the Anan- 
I tapur and Guti 
I taluks 

I R. B. Foote. 


Ci X' n\r 
I l.TY OrilK 
Sal Sno 


The Bel’ary district 
is immen‘‘ely rich 
in granite!> an<l 
I gneisses. First 
I r ass stone can be 
o)it oned at .all the 
plare< named^ and 
I .It many others 
1 also At H.impi, 

I ere arc many re* 

J mark<bje ruins, 
i shewing fine carv- 
I n v"s III lor.j| gra- 

I n ' and sov^ral 
' n h^e moiioluhs 
ot „reatsi/.e. 

I R B. Foote. 


At Paiaieram Cud- 
daparaiand Fatan- 
palain , highly 
t .trnblendic gneis- 
ses very larg-^ly 
quarried for arti- 
cles of domestic 
use, P,s’averam 
yields the rubble 
stone used in the 
Madras Harbour 
Works. At Nandi - 
varurr, beautiiul 
pale, ye!l< w .and 
pmk'sh granitoid 
admirably adapted 
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M ADRAS^ W. 

OUARRY 


[VOU ^HUt. 


Mineral or 
Stone. ^ 

Locality. 

GRANITE, 

&C., Gr/.— 
contd. 

C H I it GL B p UT— f enid. 
Cuddaparai Choultry, 
Ac.— confif. 


Coimbatore— 

Knrur 

Palghat (North side of 
gap) , 


1 

Ganjam*— 

Mahendragiri . • 


Kcstna— 

Ballamkonda . • 

Kondapilli hills. 
Kondavidu hill • 

Vinukonda 


^ MaOora— 

! Ambalathandi. 
Ansimallai. 

Arupukotai 


Kalligudi Chuttram . 


Kotaipardi , • 

NumUrupur. 



^ Dist. MaA. 20 , 
^ Mem. IV, 147. 


. Man. Ill, 536* 

. Mem. XVI, f07 
. ' Ditto, 106 


Mem. XX, IDO 


ksMAKKSi 


for 6^^mn4l^htal 
(lurpose^, but not 
dsed As yist Vet/ 
fine and lerge 
blo4ik^ 14 td ttffeec 
long, of hOrOblen- 
dic gnOisH at Wal- 
lajabad. AfTit-u* 
kari and Seven Pa- 
godaa, grinite 
I largely i^uarried. 
R. B. Foot®. 

Schistose forms of 
I gneiss predomi- 
i nate generally ; 

I but massive grani- 
toid bands at the 
places mentioned. 

R. B. Foote 



Three extensive old 
hill forts built of 
the rock they 
stand on. Much 
of the granite is 
very handsome in 
color and texture, 
and susceptible of 
I very high polish. 
The rock of Kon- 
davidu IS especi- 
ally noteworthy for 
its great variety 
and beauty of 
color. 

fij. B. Foote. 


A sp1ert|lid rich, red 
stone I quarries 
very ircll and of 
great 112a. 

Pale granitoid, with 
many gink garnets, 
largely quarried. 

RioS red stone. 
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MADRAS— fdw/f/niirf. 
QUARRY STONES^-wffh'nMfii* 


Mineral or 
Stone. 


Locality. 


Reference. 


Other 

Minerals. 


Remarks. 


granite, Madura— 
&c., <?>•/.— Piiliarpatti 


ShayalpattL 

Tirnparaikundram. 

Tirushulai 


Rec. XU, 146, 157 


Mem. XX, 99. 


Pale banded horn- 
bfendic rock, 
largely quarried 
for temple pillars, 
&c. 


NUQlRf— I 

I Dodabetta (N. side J | 

EU Hill (S. side of) . ( 1 , 1 ,'''' 

Kalti valley , . ) 97 - 


I NoRi^i ARCor - 

ChetpUt a 
1 Na^ari hill 
^ Palikonda • 

Ranipett * 
j Sholingar 

Tnttani ♦ • 

I Vellore • 

1 Wandiwash 


Rec. XII, 207 


I PuoAKOTAi State — 1 

Knnamulla . . Rec. XU, 14O', 157 


Tirukundam. 
Tirumayam. 
Virallimallai, (20 miles 
S. W. of Trichino. 
poly.) 


$ALKM— 

Sankeghiri Drug . Mem. L 228 


Hornblendir gneis- 
ses, well suited for 
quarrying. 


Very hand-^ome and 
useful granites, and 
massive gneisses 
are quarried, often 
on a large scale, 
at the places men- 
tioned. Sholin- 
gar stone is large- 
ly used in Madras, 
a very handsome 
da’ic-green and 
p' ik sycnitoid 

c^n be got on the 
1 t^estern slope of 
the Nagari Nose 
mountain. 

Very handsome 

rock of paic shades 
or bluish and whit- 
ish-grey. 


A very beautiful 
Stone; pink, band- 
ed with grey or 
black, in vandyke 
patterns. 

R. B. Foots, 

Many large veins 
of True eruptive 
granite occur here, 
catting through 
the gneiss. 


<64 


Mineral or 
Stone. 


GRANITE, 
&C , Grt ^ — 
toHcld, 
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MADRAS — continued. 


QUARRY 


Locality. 

Reference. 

Other 

Minerals. 

Salem— 

Yailagiri « 

... 

*• 

South Arcot — 
Gangaveram hills 
Gingee 

Tiagar Drug 

1 Mem. X, 77 

... 

Tinnevflly — 

Kolapatti 

Waddakarai 

1 Mem. XX, 23, 

) 101 

Gar. 

Travwcore State — 
Cape Comorin . , 

Rec. XV, 89; XVI 
24. 

... 

[ Trichinopot.y — 

Golden rock 

Mammalai . . 
Perambalur , t 

i 

1 

! 

Mem. IV, 367, 
Ditto, I. 

Rec. XII, 158 . 

1 

1 

1 

Ratnagiri 

Trichiiiopoly rock^^*. j 

Mem. IV, 3 to. 

, Ditto, 367. 



Rkmarks. 


Very handsome 
porphyritic gra- 
nite occurs largely 
on the western 
flank of Yailagir). 

R. B. Foote, 


Handsome grani- 
toids susceptible 
of high polish. 


Pale granitoids, 
with many small 
pink garnets. 
Largely quarried 
at Waddakarai. 
Many very fine 
granitoids exist to 
the south of Pa- 
lamkutta. but no 
great quarries 
were met with du* 
ring the survey. 

Gneisses, generally 
like those of the 
Nilgiris, but more 
quartzose. The 
Cape Comorin 
type of rock which 
abounds in S. Tra- 
vancore is a well- 
bedded, massive 
quartzo-fclspathic 
granire-gneias ; a- 
boiinding in small 
rich-coloured gar- 
nets. 


Quarried west of 
this village of 
black )iornblendic 
rock ; "whence the 
great Tanjore bull, 
and od»er fine mo- 
nolilhA are said 
to hav# been rais« 
ed. 
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MADRAS— 

QUARRY STONES-fOfi^ntttfrf. 



Mineral or 
Stone. 


LATE RITE, Bellary— 

Lte, 


Sundur Hills 


Reference. 


! Man 111,549, Rec. 
i XIX, 106. 


Other 

Minerals. 


Ant. Ci y. 
Cor. G. 
Grt. Ln 
M \&. Man 
OCHR. S 
Sop. 


CHixreBPUT— 

Avadi Railway Station 
Ingawarpalliam 
Kanclur , . 

Kunam . • 

Palaveram 
Ponjur . • 

Red Hills 

Sripermatur . . 

Tinanur Ry. St«ition . 
TirumanjjaUm 
Tnvellur • , 


I Ganjam — 
j Chattarpur 
I Gopalpur 


Meui. X, 132 


Madras Mus. 
Report on the Hill 
of Mahendra^ni, 

I Calcutta 1^70. 
I Ball., 22. 


^ Godavari — 


Dudijgut . . • 

Pentium . 

Pungadi . 

Rajahmundry-Samal- 

kot. 


C Cor. D 
Gar. Grt. 
Lim. Mi 
Plm. Q 
Sal. Snd 
Sul. Trp. 


• Mem. XVI, 248 . 


Remarks. 


Sub-;erial beds of 
this rock, formed 
by the alteration 
of ha;matitic talus 
debris, form ter- 
r.aces of consider- 
able extent on the 
southern danks 
of these hills. 


I Quarries forlaterite 
used as rough 
I budding stone, 
and very largely 
as road material, 
ex‘»st, or could be 
opened, at these 
places , and at 
many others off 
the general lines 
I of traffic. 

No survey has been 
made of the dis- 
trict: but there is 
no doubt that 
laterite, or laferi- 
lised rock is fre- 
quent along this 
part of the coast. 


These four areas 
j of generally sand- 
1 stone rocks, lying 
along the inland 
edge of the Goda- 
vari and coastal 
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Mineral or 
Stone. , 


QUARRY STONES— 


Locality. 


Reference. 


Other 

Minerals. 


Remarks. 


LATERITB, Godavari 
LU, — contd, Dddiigut, hA,^c<tnid, 


Kurnool — 
Rudrar • 
SSruvel . 


Madura — 
Manamadjra 
Pugancri 
Serruvayal 
Siva^nga 
Shahkotai 
Shuragud: 


Malabar • 


Nellore — 
Kavall 
Naidupet 
Nellore • 
Ramapatam 
Ra<^nur • 
Salurpet . 
Tadrla 


NlLGlRl — 

Peikara R. 


^ Mem. VIII, 279 
j 80. 


Rec. XII, 153 
Do , do 
Do , do. 
Do, do. 
Do , do. 
Do , do. 


Dist. Man. 


Mem. XVI, 86, 
87, 179. 


. Mem. I, 23s 


alluvial tract, give 
numerouH stretch- 
es of laterite which 
is quarried in 
many places for 
coarse building 
stone and road 
materia). 

Not of any extent, 
but here, as in 
many other parts 
of the district, a 
product of decom- 
poMtion in the 
neighbourhood of 
iron beds. 

Typical laterite 
conglomerate oc- 
curs around all 
these places. 

Laterite of good 
quality is largely 
quarried here. 

Pretty generally 
distributed ail 
over the low coun- 
try : in fact, the 
most evident rock 
on the West Coast 
which is the coun* 
try of laterite. 


Largely used for 
road material and 
occasionally, as at 
Nellore itself, as 
good building 
stone, I 

Near th^ river, on 
the r^d from 
Ootjr td Maknrti, 
also in other 
places On tne pia« 
teau, Wt only 
local and in small 
patches) a product 
of decomposition 
of the country 
rock. 
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Mineral or 
intone* 


M ADR AS Af/i. 

OUARRY STONRS-ronHuW. 



References 


Other 

Minerals. 


LATERITK. 

Lifr^contd* 


PONbTfiHiRfer^ 
Red HUls 


North Arcot— 


Mem. IV, 206 


Cly. Grt. 
OcHR Sal. 
Ssn. Sod. I 
Trp. I 


Entered here as a 
part of the chain 
of laterite patches 
extendinfj along 
the Madras coast. 


Alikar 

Ramagiri 

Sattavedu 


PObiiKOTAi State 
Arrimulium . 
Autangudi 
Kllvellikotai 
Pudukotai 
Urriur 


[ Mem. X, 38; Rec 
[ Xlf) 204. 


Rer. XII, 153 
and 157. 


SALfeM— • 


Shevaroy Hills 


Mein. IV, 26 f 


Lateritic conglome- 
rate of extraordi- 
nary coar&cness : 
the le«i9 coarse 
parts quarried for 
rough stone. 


Hard typical late- 
rite conglome- 
rate near the west- 
ern boundary of 
i the lateritic area. 

The famous old 
' fort of Kilveiti- 
kotai is built en- 
tirely of laterite. 


Chr Cor. G ■ 
Grt. M %g, I 
Sop. Trp, 


Forms a capping on 
the Sbervara}an 
and other highest 
I points. A pro- 
duct oi decompo- 
sition of ferrugi- 
1 nous rocks. 


South Arcot— 

Capper’s Hill (Cudda - 1 Mem. IV^ 173. 
lore). 

Verdachallum. 

South Ka.nara . 


Tahjorr— 

Gatidarakotai 

Vallum. 


Mem. IV, i68s 263 ; Q, 
Rec. XII, 152. 


Laterite of the 
West Coast : com- 
mon in the low 
country. 

Vaj^ sheets of late- 
rito and lateritic 
conglomerate oc- 
cur west and south 
of Gaodarakotai. 
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MADRAS — continued. 

QUARRY STONES-<><i«tf««*rf. 


Mineral or 
Stone 


L I M R- 
S T O N E» 
&c , Lim 
(Includes 
most mar- 
bles of dif- 
ferent kinds, 
calcareou s 
flag-stones, 
Knnkar or 
G h u t i n, 
Travertine 
Also, for 
con vona- 
ence, ser- 
pcntmes and 
alabaster.) I 


Locality. 

Reference. 

Travancore State— 


Warkilli . 

1 

1 

1 

Rec. XV. 92 

! 

( 

1 

f ! 

I Trichinopoly— 

1 Strimustrum 

1 Thungudi . • 

Tridiinopoly , 

i 

Mem. IV, 2o6 

Ditto, 265 

Ditto, 263 , 

1 

• Anantapur— , 
Godipadu . 

1 

1 

Mem Vlij, 82 . 

1 

1 

1 

1 

i 

1 

, 1 

i 

1 

i ; 

1 

j 

Khona Upalapad 

( 

Rec. IV, iS . 

Raiakherravu 

Mem Vni, 16s, 
Disu Man , 94. 


A MB Clv.G 
Gar. GkT. 
Plm. 


Great part of the 
low country of 
Middle Travan- 
core consists of 
laterite, much of 
it being a produce 
of decomposition 
of the country 
ruck. 


Extensions of the 
Valle m ronglo- 
merdtes. 


n CiRT Tkp 

, . Blue, hluish-grey, 
and black " Narji 
limestune," 


White travertine, 
of recent forma- 
tion, si^tli vege- 
table impressions 
and inetbdod land- 
shells. t 

Burnt i|tto lime 
which u’s much 
valued hy betel- 
chewera; 6 miles 
south o( village. 

Pale green and 
white limestone , 
also serpentine. 
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M ADR AS— « ued. 

QUARRY STONES— 


Mineral or 
Stone. 

Locality. 

LIME- 
STONE, &c 
Ltni, — contd 

Bbllarv— 

Gadiganur (S. E. of) 


Huvina Hoddigalli 
(6 miles, and 12 
miles S. E, of) 
Tornagal (S. of) 


1 

Coimbatore— 

Maddakarai 

1 

1 

Polham . . , 1 

South and S E. of ( 
Karur 1 

1 

1 

j 

1 

j 

1 

CunnvPAH — 


Reference 


Other 

Minerals. 


I Mem I, 224, 246, 
' Madras Jour 
I Lit. and Sci , 
I N S, in. 5 


Mem. IV 272 


Ijaldadur Hiii 


Chngalrnarn 

CuciiUp.ih 


Ohur 

Kalsapad 

Nandiallampet 

Narji 


Mem Vlll jQo , , Tk I 


, • 52. 

1 Uitio, 


, j Ditto 

j UlU»>t 2jO 

, • Ditto, j 

I Ditto, 70 


Remarks 


Grey and white 
banded cryital- 
line limestone 

Grey crystalline 
limestone. 

A b<»d of crystalline 
limestone between 
two trap flows 

Crystalline hme- 

stone 5 

S. W. of Coimba- 
tore P.nk and 
g^rev, ftpproarhirig 
to white are the 
preva ent color-, , 
well adipted foi 
interior decora- 
tion takes a hijrh 
polish. 

Many binds of 
crystalline lime- 
stone Pu-e white 
fine and coa’*»e 
j^^rained marble 
A beautiful pmk 
vanet) of close 
textuff ir d very 
I P^rt, (»tcurs in 
I ’ -inv of the 
tnds. 

Kiiiikar very com- 
! mon 

I est oi Kondapu- 
ram Rai way Sta- 
1 ti 111 , Pale blue 
ish grey m colour. 

Ctarse jjrey tlagjfy 
limestones in 
neighbourhood. 

Grey semi-crystal, 
line. 

PlagSiy* and thin- 
bedded limestone , 
grey, blue, nearly 
( black, fawn. colour- 
ed, buff Largely 
quarried in con- 
structioo of Mad- 
ras Railway ; also 
the black variety 
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M AQ{(AS ■’■eontinval. 

QUARRY STONE3-x#*rfi«»M^. 



LIME- CuDOAPAH— 

STONE, &c., Narji— 


Ontamitta 

Raialcherru 


Rt^ddipalh 


Vaimpalli . 
Wattalurkonda 


Mem. Vni, ^30. 


Mein. VJII, ao8 . 


Ditto, 361. 
Ditto, 205. 


Remarks. 


for QrORfRRQtRt 
purp«iM m MRd- 
ra^ ; Uke^ a good 
polish. Best for 
interiors. ** Narji 
stpne.** 

Serpentine lime- 
stone and serper- 
t i n e, green 
colours. 

Very remarkable 
breccia of light- 
grey colour. 


Godavari — 
Karteru . 
Pungadi . 


, ) Mem. XVI, 234— Snd, Trp. 
. > 243 - 


Quarries. Yellow- 
buff, and brown- 
i^h-red. somewhat 
crystalline, occa- 
sionally magne- 
sian, almost a 
doiomite, 12 to 14 
feet in thickness. 
Calcareous sand- 
stones at Dudkura. 
Fossiliferotis lime- 
stone ; somewhat 
magnesun. 


Kistna — • 


Dachapalli ^PalnAd) « Mem. Vill, 282 


D G Alt. Qrt, 
Ut*. Q . 
SuT. Snd. 


Jaggayapetta , 


Kakeralia 


Ditto, 295 


. Ditto, 231 • 


Melluvaga « . . Ditto, „ 

Mukteala (on the Ditto, 298 
Kiatna)* | 


A vast develop- 
ment of limestone, 
in thick and thin 
beds, compact, of 
excellent quality 
and various colour- 
ing. ' 

Fine grcj| and varie- 
gated I compact 
liinesto^eB. 

Extensi^ beds of 
crystal^ne and 
sub-crystal line 
limestone. 

Ditto ditto. 

Grey, or grey and 
white» compact 

flaggy limestoAo* 
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MADRAS^ ccnHnueiL 

QUARRY STONES*-rM<(iiM^. 


Mineral or 
Stone. 


tl ME- 
STONK, «tc , 
Lm,^ wnA#. 


LpcaUt^f. 


Kornool— 
BanaganpiHi (E. of) . 
Bandi Atmakur 
BeUmcherla • 
Billum . 


Jorapur (E* of Kur- 
noolk. 


Reference. 


Kurnool . 
Madavaram 


Marrivaimla (W, of.) 
Mutakula 
Pa^idala . 

M^duRv— 

Kiiakarai 


Mem. VIII, S3 
Ditto, „ 
Ditto, „ 

I Uitto, 33 


Ditto, 166 


Ditto, 53 . 
Ditto, 166 


Ditto, 231. 
Ditto, 231 
Ditto, 53 
Ditto, 231 


, Mem. XX, 70—73 


Other 

Minerals. 


i Sop 

Sop 

Sop. 


Kukulam 


Pambam . 
Paetalaguli 
Rameswaram Island 
Shenkottai • 
Tirttmal 

Valimukkam . 


NKLLOmi — 
Cbondi • 

Pedda Arikatla 


Ditto, 19 . < Gr 


Ditto, 70--74 
Ditto, 21 


Ditto, 

Ditto, 

Ditto, 

Ditto, 


70- 74 

33 

19 

68 . 


Mem. XVI. 23 
Ditto, 


Gr. 


Cup. 


Rsmarks, 


Fiaggy grey lime- 
stones of good 
quality. 

Serp^^ntine, pale* 
greeu and yellow- 
ish. 

Serpentine lime- 
stone , white crys- 
talline limestone. 


Here and along the 
coast eastward , 
marine sheliy 
limestone and cal- 
careous sand- 
stone. 

Important beds of 
crystalline lime- 
stone of great 
beauty ; of grey, 
grey and pink, 
p ak and pink and 
g ''en colours. 
UpiAised (sub-fos- 
s>il) coral reef. 
Same as at Koku- 
lam. 

Same as at Pam- 
boni. 

Crystalline lime- 
stone. 

Ditto ditto. 
Marine shellj lime- 
stone, and calca- 
reous sandstone. 

Grey crystalline 
limestone. 

Whitish sub crys- 
talline limestone 
8 miles N. by E. 
of Kunnigiri. 

N. A.— A good drat of 
lime iR manufactm 
cd from the Aub're<.rnc 
shell bedt* m the 
backwater depo»tt«. ; 
and from Kunkar 
which occurs only 
loraMy. 
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MADRAS-^eendnued, 

QUARRY STONES— 


L.- 


'l 

■:= ^ 

j Other 
j Minerah 


Mineral or 
Stone. 

Locality. 

Reference* 

Rbmasks. 

— - 

-K. ^ - — - — 





LI ME- 
STONE, &c., 
Lim — fonrW 

SAtSM — 

Shattaxnbur • 

Mem, IV' 

»273 

Ght. . 

Seven miles S. W. 
of NftmakaL A 





6ne show of grey^ 
white and pink 
limestone of ex* 



Sunkagiri Drug 

Ditto, 

ditto • 

\ 

rcllent quality 
Thin beds of grey 





crysUliine lime- 
stone. 



‘ TiNNBVhLLY — 






Karseri . 

I Mem XX. 57 . 

... 

Calcareous tufa 


1 Kuddungkalam 

1 


. 

Eleven miles N E, 





of Cape Comorin. 





i 

i 

Marine sheUy 

limestones of fair 
quality. 

1 

Sam 11 ga ru nga p u r A m 
Satbankolani • . 

t Mem. XX, 77 . 

1 

Great spreads ol 

I 

i 

1 

Sevandipatti « 

1 

J 

1 

1 

1 1 

t 

m.\ssj\*<» caJeare. 
ous tula of alluvial 
origin. Kunkar. 

1 

Tutikorin . . | 

Ditto, 

102 . 

! 

Rock coral, used foi 


1 




< oar >e building 

purposes 


Trichinopolv — [ 





1 

Assur . . 1 

^Man. HI 

4'!6 , 

.. 1 Crystalline hnie 

j 

t 

Mem. IV, «i4 1 


stone of pale 

1 

j 


1 

1 

colours. 

1 

\ 

Elanuthumingalam 

Mem IV, 

► 275 - 



i 

Garudfimungalum ‘ 

Ditto, 

116 


The well-known 

i 

1 

i 

1 

j 


J 

1 


Trichinopoly 
shell limestone 

or marble. 

1 

Kalligudi . ’ 

Ditt.>, 

62 . 

.r. 

Marine coral lime- 

! 

1 

Ditto, 

274 


stone. 

Kalpatti . « t 

i 

Karat 

Ditto, 




‘ 

Kiranur . • 

Ditto, 

272 . 

,, 

Crystalline lime 





stone of pale 

colours. 


1 

Konkanatlam . . 1 

Ditto, 

120 . 

... 

Ditto ditto 

1 

Maravatur . { 

Ditto, 

80 




Mutium . 

Ditto, 

Ditto, 

2yf> 



1 

Narastngapuram 

272,27s 




• • 

D'ttn, 

Ditto, 

276 




Odiann * « ■ 


•• 

Ditto ditto. 


VlZACr^PATAM — 




« 


Borra 

Rcc. XIX, 

*53 

Ort 

Crystalline lime- 


Nilgalgunta. 



stone, Wie colour- 
ed, ctjse texture* 
Also temarkable 








cavernb, with 

splendid displays 
of stalactitic and 


5 ^ 




stalagttiitic tufas. 


ff ConcreiJoBATy and nodulAt catrarfouH fufAt travertine, or *l(unltar/ oceorN In most disfrJrtvj rhieffy 
thoMT iODtaintng large nprr adfl of rotion eotl Hhlch It almost invattably uiHlerlicti* It Ocran aibO largely at tbc 
auirace ol most tracta ot the more bomb endk rock*, H, B, Foote. 



PAST 3.3 


King Provisional Index. 

QUARRY STONES^con^tnufd. 


m 



Cuoo\PAH— . I Mem VIU . 

) 


I 


j 


Godavari— 

Janampett vN N W. Mem XVI 249 
of Ellorc). 253 

PedcUpuram (7 
N. W of Samul 
kotta) 

1 


Pe<*davi*gi <7 milet 
N. of BUore). 



Alterfd sandUonp> 
(quartijtes) o( 
various kinds are 
common in the 
hilly parts of the 
district, and are 
often used as good 
buikiing stones, or 
even grindstone^ 
Oct'asionaHy these 
weathered to 
f ^ h an extent as 
j t lok like ordi- 
nary sandstones 

v'’ cry durable stone 

I 

Very good budding 
I stone, which of 
course requires 
selection. Similar 
s xi dstones atf to 
be found on the 
plateau tracts 
bordering the edge 
of the alluvial 
coast'll plain in the 
neighbiiurhood of 
R a ) a h m u n dry, 
Hllore, and Golla 

I ?>'!• 

i 

Red sandstone, 

' some of it of a 
\ bright vem>ihon 
colour, and well 
^ worth developing 
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MA.DRAS-— 

QUARRY STONBS-touiiHuta. 


Mineral or 
Stone. 


Locality. 


Reference. 


Other 

Minerals. 


Remarks. 


SAND* Godwari— cen^<l. 
STONES, Tundkaipudi (14 
Snd,-^ct>ntd* miles N. N. E. of 
Ellore). 


Kistna — 

Chebrolu <8 miles of Mem. XVI, 78 
S. E« of Guntur). 


. Mem VIU, 107, Lim. 
121 


Palnad 


Pavulur (2 miles N E. | Mem XVI, 69, 107 \ 
of Budavada). | 


Tungellamudi (8 Ditto, 78 
miles E. of Guntur) 


Kursool- 


• i Mem VUI 


Yeldurti 


Ditto, 283 


Madura — ♦ 

Ammagudi (4 miles Mem. XX, 37 
N W, of Arran- 
tangi) 


BulF, granular feb- 
patbic rock,^ of 
perfect durability. 
A most useful 
stone« 

Red and purple 
sandstones 
colours very hand- 
some. Stone much 
esteemed by the 
]ains, as shown in 
old ruins. Large* 
ly quarried by the 
Public Works 
Departmenti and 
people generally. 

Altered sandstones 
(quartzite^) very 
common in ^ the 
hilly parts of this 
tract. 

Hard greenish, or 
blutsh*black cal- 
careous sand* 
stones, weathering 
brown. Largely 
quarried by the 
Public Works 
Department. 

Same as at Che- 
brolu. 

Altered sandstones 
(quartzites) very 
common in the 
hilly parts : very 
often admirable 
building stones. 

Betweeq this village 
and Tekur, in the 
low sdtrps to east 
of hiA rQ|d, a 
coarsel fel^^tfaic 
grit iargelv 

quarritll for grTna* 
stones 4 

CoarM dfifigy grSto, 
forming a scarp 
overloolcing the 
valley oT the 
Vellar. Quarried 
for local use. 








PART 3.] 


King: Provisional Index. 


«75 


Mln«rat or 
Stone. 


5 A 

STONES. 

Snd,-^ohtd. 



VLAD^AS-^ continued, 
QUARRY STONES— 


Locality. ^ ] Reference. 


Madura— CO If 

Katakarai , . Mem. XX, 70, <102 


Other 

Minerals. 


Remarks. 


East of the village, 
and all along the 
* sandstone quay* 
to Toniturai Point 
opposite Pdmbam , 
remains of old 
quarries were 
noted. 


Sivagunga (2 miles 
S. E. of). 


Valimukkam 


NsttoRF — 

Biidavada (24 miles 
N. by E. of Ongole) 
^Kovur (N. of Nel- 
' lore), 

fieddawariim • 

♦ Razpudi, 17 miles N. 
i N. E. of Ongole, 


Ditto, 38. loa 


Ditto, 68, 102 


Mem. XV!, 69 
Ditto, 778. 

Ditto, ,, 

Ditto, 65 


Vemavaram (14 miles 
N* E. of Ongole). 

North Arcot— 

Alikuf 


Ditto, 


64 


Mem. X, 75 


^ Dark purplish-grey 
hard grits, with 
brown bandings : 
largely quarried. 

A great quarrying 
industry once 
existed here, large 
masses of calcare- 
ous gritty sand* 
stone having been 
raised and ship- 
ped away, probably 
to the great temple 
at Rameswarum* 

Hard brown sand* 

! stones, quarried 
, for local u>e. 

1 Coarse ferruginous 
1 pits. 

Fui..rgy beds of hard 
c irse shale (more 
oi >4 sandstone than 
a shale), v a r i e • 
gated with con- 
centric bands of 
delicate red pink, 
mauve, purple and 
occasionally 
orange colours ; 
often of great 
beauty. Flags 
quarried i largely 
1 for building pur- 
poses. 

White flaggy shales 
similar to above. 

Two miles S. E. of 
village ; compact 
fine-grained sand- 
stones, with con- 
cretionary purple 
bands. Fair qua- 
lity. 


G 2 
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MADRAS — coniinutd. 

QUARRY STONES- 


Mineral or 
Stone. 

Locality. 

Reference. 

Other 

Minerals. 

Remarks, 

SAND- 

North Argot— 




STONES. 
Snd^^CQfitd, \ 

Nag^aloperam . « 

! 

Mem. X, 71 


Dark pvrple^oarse 
sandstonesi c R t 
into long tronsfks^ 
S, E. of village. 


Sattavedu 

Do, do. 


Compact greyish- 
buff, or reddish 
sandstone of good 
quality. 


Tettu 

1 

South Argot — 

Ditto. 6g . i 

; 1 

\ 

j 


Three miles W. S. 
W. of Saitavedu, 
bright red com- 
pact sandstone, 
quarried in large 
blocks. 


Vellampaham (on the 
Gadditam R). 

Wlur (near Verda- 
cheilam). 

Tanjore— 

Mem IV, 207 

1 


Compact, moderate- 
ly fine-grained 

«aiHlstofies ; used 
for water troughs, 
&c. Easily quar- 
ried. 

1 


VaJluro . • 

TiNNFVfeLLY — 

Ditto, 167 


Also near Tanjore 

1 itself. 

i 

1 

\ 

1 

1 

Panamparai 

[ 

t 

Mem, XX, 102 

1 

r 

1 

f 

1 

! 

Quaffhrs, i n e 

^ain-coloured or 
brownish calca- 
reous sandstone , 
used in construct- 
ing the great Go* 
thic ctmrches at 
Megnanap u r a nt 
and Mudatur, also 
the great templt? 
alTiruchandur on 
the coast S, of 
Tutikorin, 

\ 

\ 

1 

I 

f 

1 

Vedanattarn • • | 

1 

Travancore State— 

I Ditto, 66, 102 

i 

Quarries; 8 miles 
N.by W. of Tu- 
tikorin. Fine 

gritty calcareous 
sand^ones, large- 
ly employed as 
building 9 MR 
Tutitopnn. iWn® 
cattlelrougHl^fkc. , 

madelattSi qiidr- 
ries. f 

I 

\ 

Kiliiur 

Rec. XVI. . 

1 

i 


S. and N. N,W 
f>fthii place; dark 
and ^Airplisb hard 
grits. Good, but 
nttle ttsed. 


part 3.) 


KING: Provisional Index. 


*77 


MADRAS — continued, 
gUARRY sroms --continued. 


Mineral or 
Stone. 


Locality. 


Reference. 


Other 

Minerals. 


Remark*!. 


SAND- Travancore State- 
STONES. contd. 
Snd.-^contd. Warkilli . 


Rec. XV, 98 


j Occasional beds of 
sandstone in the 
1 cuttings and cliffs 
! of the hills here. 


SLATE, Sit. I CunoAi'AH — 
(Incluiles Budvel 

though these 
are cleaved, 
like slates.) 

Howhoblum 


Nu’lairMlial Mts. 


OntaiTiitl.1 


KiarNA “ 

Palnad 

Kornool — 
Kunibum 
NullamalUi Mts. 


Mem. VIII, 1^:19. SsD Lim 


, The»^ are no true 
slates in the Mad- 
ras Presidency, 
that is, approach- 
I ing the roofing 
j slate of commerce, 
j Slabby slates are 
( procurable , but 
I not of large si^e. 
I Ocrasionally slaty 
flags of tolerable 
si/e are obUm- 
able. 


i./itto ditto. 


TRAP, &Co 
T,p. 

(Includes bft' 
salt, whin- 
stone, and 
other com- 
pact mas- 


Anantapur— j 

Handi Anantapur 

Tadamurri 


Man III, 53S . 


sive dark- i 

Brliary— 

1 

<;0loured 

Adwani . 

1 Rcc. XIX. 108 . I 

roeVs. All 

Copper Mountain 


volcanic 

Guti 


rocks.) 

Oblagundi Gorge 
(Sandur Hills). 
Papanaykanhalli Ra- 
vine. 

Ramandrug 
Tungabudra, R. . j 

Virapur Ry. Stn. 

1 Rec. XIX, 104 . 
Ditto, 10$ • 

Ditto. , 

Ditto, io8 . 

Ditto, „ . 


Trap. (Diorite 
greenstone), from 
gieat dykes i 11 
neighbourhood. 


1 Trap d)kes. 

Ditto. 

( Beds or sheets of 
l trap. 

Otto. 

On eastern slope. 
North of Sandur 
thlla 

Trap dykes. 
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QUARRY ST 01 iRa~^HtMt*d. 


Mineral or 
Stohe. 


Locality* 


Reference. 



TRAP, &c, Chi*vql«pi;t— / Mem. IV, s$o 

7 rp,-^conid, Alilrar and Korteltar j 
Hills. 

Naggaripett . . I 


CuODAPAH— 
Beddadur HtU . 
Chittravutti R. . 
Jutur • 

Papugni Vall^ 
Upalpad Plateau 
(Western slopes ) 


Mem. Viri, 198 . ' 
Ditto, 169 A 


Godavari 

Karteni 


;; : ;l 


Pungadi 


Kistna — 

Bella mkonda , 

Kurnool— 

Dbone • 
leldurga 
Kapatral 
Paipali • 
Pendakul 
Polekul . 

Puspulla Valley 

Sunnagondla Drug 
Ullur 

NBLLORfc — 
Jelakabad 

Kandra 
I Parerokonda 
Pokrapati 
Tumoi 
Uilapuram 

North Arcot— 
Arcot . • 

Sholingar . 


Mem. XVI, 241 » I Lim. Sno. 


Ditto, 42 


Mem. XVI, 165 

Ditto, „ 

Ditto, 168 

Ditto, 167 

Ditto, „ 

Ditto, 


• { Dist. Man*. 6 


RtfUfAitKe* 


B(acir trap 4 ykrs, 
Greenish grey trap. 

Many trap dykes in 
this neighbour- 
hood. 


Numerous and 
great beds and 
sheets of con tern* 
poraneous and in- 
trusive trap. 

Beds and sheets of 
trap. 

Plexus of trap or 
greenstone dykes. 

Trap dykes. 

Trap sheet. 

Dykes. 

Ditto. 

Ditto. 

Great trap dyke. 
Numerous beds and 
sheets of trap. 
Trap dykes. 

Trap sheet, 10 
miles E. N. E. of 
Kurnool. 

Greenstone or 
diorite. 

Ditto ditto. 
Trap dykes. 

Ditto. 

Ditto. 

Ditto. 


Great ilexes of 
trap dytes. 

Ditto ditto. 

W. S.- 4 Ther« is a 
tremenddtts deve- 
lopment! of trap 
dykes id this dis- 
trict, vii|hich ex- 
tends northirards 
by Chittpr Into the 
sottth-weStern part 
of the Cuddapah 
district* 
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MADRAS — eoHtludtd. 
QUARRV STONES — concluded 


Mineral or 
Stone. 

Locality. 

Reference, 

Other 

Minerals. 

Remarks. 

TRAP, Ac.. 
Ttf .— contd . 

Salbm— 

Athur (S. oO . 

Mem. IV, 329 


Paitbar hills, dykes. 

Chinna Salem 


Trap dykes. 


Namakal (N. of) 

... 

... 

Long tfrip dykes 


Mulliakerra Hill 



running N. N. E. 
from Nainhamel* 
lai hill. 

Dykes, 18 miles 


Tangrikota • 



W. of Salem. 
System of greit 


South Argot — 
Agaram Kocalam 

.Mem. IV, 334 


W N. W.— E .S. 
E. dykes in the 
Baramahal. 

Trap dykes. 


Trichinopoly — 
Korawadi . , 

Nu'inaj- . . , 

Pulliur 

y Mem IV, 329 . 


Numerous, and 

1 

Tuludur Tukuri 
\olkondapur.im 


1 

I 

great trap dykes. 


NORTH-WEST PROVINCES AND OUDH. 

IMPORTANT MINERALS. 


Mineral or 
Stone. 

COAL, cr\ 


Coal, C. Iron Ores, 

/ 

Gold, Go Petroleum, 

Locality, j 

Reference. 

Bijnor — 

Najibabad • . 

Dbhra DOn — 
Kalawala Pass 


Gazetteer. N. W 

P. X, 291. 

11 

4 

> Man. Ill, 102 

GarhwAl — 

£ 


Dheia R. • 


Gaaetteer X, 291 . 

Kumaun— 

-a 

0 

u 

Mem. XXIV, 34 • 


§ 


Bharoauri . 

£ 

H 

Gazetteer, as above 

Bhim Tal \ 


Ditto, ditto . 

Rdnibaj^h ^ 


Ditto, ditto 


Other 

Minerals. 


Remarks 


Lim. Sno. . , Traces of lignite. 


Gvp. Pho. 
Slt. Snd. 


Ditto ditto 


Asb. Cop. 
G Gvp. I. 
Ld. Lim, 
Plm Sltb 
Snd. Sop. 
Sul. 

Alm. Ars. 
Cop. Grt 
Gyp. Lo. 
Lim. Oil. 
Plm. Slte 
Snd. 


Traces of cool or 
lignite, from one 
inch to two inches 
in thickness. 


Traces of lignite 
on the Bara Kheri 
pass, seam 4 inch- 
es thick. 

Traces of true 
Peat. 

Traces of lismite. 


N. 8.— There i« no promlie of workable coal m* this part of the Himalayan region The bla^k shako 
Mucsarl and other plaiet bdong to a much older ^ie» j but ibo, loo, are of no account. 
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NORTH-WEST PROVINCES AND OHmi^eontinued. 



Mineral or 
Stone, 


COAL C — Mirzapur- 
contd 

Singrauli 


IMPORTANT MmBRALS-*«iMt/«Wif. 


Reference. 



Ga^setteeri XIV, Grt. Jd. 

Pt a, i8, 56. Lim. Sno. 

Man. Ill, 88 j Rec. 

VI, 16. 


Rpharks. 


I Gondwana coal. 

i Small extension of 
the Sone area of 
coal -bearing 
rocks , in which 
there appear 
to be several 
outcrops of coal, 
in which also the 
Kota colliery was 
worked for some 
years. Communi- 
cation difficult. 
*’ The Mirzapur 
coal area is bound- 
ed on the north 
by the Aundhi 
hillYi^ LaL 24® I a' 
and Long 82*" 
43 ' si", on the 
south by the BaU 
ha Nadi ; on the 
east approximate- 
ly by the Rchand 
river, while on 
the mast, it ex- 
tends into Rewah. 
The coal has been 
acknowledged to 
be good. It burns 
freely with a clear 
flame, leaving a 
white ash ; but it 
will not coke by 
ordinary means,” 
Gazetteer, N. W. 
P. XIV, pt. 2, 
P‘ 57 * 


IRON ORES 1 Bandit— 


Mem U, 89, 


393; I Clv. D Grt In 


Lim. Snd. 


Deori 

Gobarhai 

Khirani 


} Gazetteer I, 97 


Bijawar 


senes. 

Lateritio ; poor. 
Dense sub-cryst- 
alline, jred hema- 
tite, lit an impure 
dry clay ; in good 
quanti&, easily 
work^li. Fuel 
scarce<^ 

Ore of line quality; 
**worka managed 
by a oompany of 
loharB (black* 
smiths) ; they pay 
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NORTH-WEST PROVINCES AND continued. 

IMPORTANT MINERALS— 


Mineral or 
Stone. 


Locality. 


Reference. 


Other 

Minerals. 


Remarks. 


iron ores, BANOA-*fonW. 

/. — conid, Deori, — eonid. 


Garhwal— 


nothinfr to the 
Zemindars for the 
right of digging 
the raw ore, but 
a surr of R4 pet 
kiln per season. 


I Man. in. 406; 

I Gazetteer X. 262. 


j Asb, C Cop Several attempts 

! G. Gyp, I at ironworks 
j Ln. Lim. j under European 

Plm. Sltf ' management ; ul- 
Snd. Sop t timate failure for 
Sul. I various reasons; 

success very ques- 
tionable. 

' Native mine at 

I Duguni. 

j Mines at Kljsh and 

I Rajbunga. He- 

I matite. 

1 Mines at Churbung 

and Mok. 

} I Mines at Dandatoh 

I and Pipuli. 

' l.iM Slt. . Rich hematite, rais- 
I ed in quantity. 

Cop Ld. Minesat Bukhunda, 

Sul Gilet and Takh- 

^ tell. 

. Mines at Chelia. 

Cop. . Mines. 


Buchursaiun 

Chandpur 


Dussoli 


Nagpur . 


I Rec !l, 
IV, 20. 


Komaun— 

Agar 


Chaugurka 

Damn 

Dechauri 

Dhuniakot 

Giwar 


Kaladhungt 


«7. IV, I 


Grt G\p 


! 

Ditto, ditto . 

Ld. Lim. i 
Oil. Plm. 
StTErSNO. 
Sul. 

Ditto, ditto 

! 

Rec. Vn, 15 


Rec. 11 . 87, IV, 


Ditto, ditto • 

Cop 

Rec. vn, IS 



Mines at Gulla, 
Nathna Khan, and 
Sutbunga. Agar 
F*utti »s very rich 
in iron ore, almost 
every village hav- 
ing its mine. 

Worked in some 
places. 

Mine at Dfguria. 
Ore abundant, of 
good quality. 

Mine atSemulkba. 

Occurs near the 
villages of Buti- 
'gaon, Gudi, Khut- 
sari, Melchaur, 
Simulkbet and 
Tilwara. 

Ore abundant, vari- 
able in quality. 



i8a 


Records of the Geological Survey of India. [vOL, XXHI, 

NORTH-WEST PROVINCES AND OUDH-eontMued. 

IMPORTANT MINERALS— 


Mineral or 
Stone, 

Localityi. 

Reference. 

Other 

Minerals. 

Remarks. 

IRON ORBS 





i^-^contd. 

Khairna • 

Rec.VlI, 1$ 

... 

Not of much pro- 
mise. 


Kharai « 

Rec. II, 875 IV, 19. 

Cop. 

Mine at Lobe. 


Khurpatal « 

KutoH • . , 

Lukkhunpur 

Ditto, ditto . 

Ditto, ditto . 

Ditto, ditto . 


Said to have been 
worked by the 
Kumaun Iron- 

works. 

1 

i 

1 

Ramgarh • 

1 

Rec. VII, 16 

1 

1 

I 

i 


Under this heading 
are included Losh- 
gani, Natna Khan, 
Pdhli and Par- 
wara Micaceous 
hematite, rich and 
abundant, might 
easily be worked. 
Mines are also 
said to occur at 
Diguria and Julal. 


Talli Rao 

Lalatpur— 

Girir 

i Rec. 11 87 

1 

{ 

i 

I 

Gazetteer I, 323 . 

1 * 

Cop. Grt. 
Lim. Slte. 
Snd, Sop. 

Mines at Mungla- 
)ekh ; good ore, 
raised in quantity 
in 1869. 


Para . , . i 

1 

} 

... 

Confluence of the 
Jumaiand Betwa. 


Sa!da 

1 


Pergannah Marau- 
ra ; hematite, 

from which soft 
iron is smelted 
and exported 

largely to Sdgar. 

30L0,.G. 

Garhwal^ 

Man.UI,2t6; Mem. 
HI. Alt. IV, 179; 
Gazetteer X, 276 

Asb. C. Cop. 

1 Lo.Liw. 
Plm. Slts 
Sno.Sop. 
Sul. 

1 


Alaknanda R, . 


Gvp. 

Auriferchs sands. 


Benigunga • 



Ditto. 


Kedarnath . • 

As« Researches, 
XVni, 236. 


Trace, ii granite* 


Pindar , « « 

... 


Tributary of the 
Alaknanda. Sands. 


Sona 

— — 0 

... 

... 

Sands. 




PART 3.3 , King : Provisional Index. 

NORTH-WEST PROVINCES AND OVTiVl—tonlinued. 

IMPORTANT MINERALS-w«/t««#A 


l»3 


Mineral or 
Stone. 

Locality. 

GOLD, G.— 

Moradabad— ' 
Amangarh 

Barapura 

Dhela R. 

Koh . . . 

Kotdwar , 

Kot Kadir 

Lakber Ghat . 

PETRO- 
LEUM, Oil, 

Kumaun 


Summit of Range be- 
tween the Sarju and 
Ramgunga. 


Gowarsco , 

Kotgaon 

SALT, 5 «/. . 

Azamgarh 

MabuL 


Bulanoshahr . 

Kali Nadi 


Khadir Lands • • 


Reference. 


Other 

Minerals. 


Remarks^ 


Journ. As. Soc. 

Ben.. 11,265. 


AH these localities, 
except that of 
the Dhela river, 
are tributaries of 
the Ramgunga. 
Gold dust : small 
in quantity ; but 
more abundant in 
the sands oi the 
Koh. 


Man. Ill, 132 ; Rec. Alm. Ars. 
11,89; IV, 21. C. Cop. 

Grt. Gvp I. 
Ld. Lim. 
Oil. Plm. 
Slt Snd 
Sul. 

Asiatic Researches, Lim. 

XVill, 230. 


Rcc. II, 89; 
Gazetteer X, 
297- 


Bitumen exudes 

from crevices in 
limestone rocks. 

Bitumen ; in the 
neighbourhood of 
these villages 

south of Paori, 
near the top of 
large cliffs ; and 
is worked by the 
natives, by means 
r ' a scaffolding 
suspended from 
the summit. 


Gazetteer XllI, Civ. Nit. 
rt. I. p. 58. I 


Man. Ill, 49T . Lim. Nit. 

Gazetteer UL 35 • ; Sod. • 


In this Pargunnah, 
especially in the 
Didarganj tappa, 
considerable ae- 
posits of salt- 
earth occur. 

Earth salt 

Small i»aline patches 
along banks of 
this river 

These lands form 
a tract adjacent to 
the Jumna, in the 
western corner of 
the Dadri Parguo- 
nah. On this tracts 
the 44 villages — 
the largest pro- 
ducing one at the 
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NORTH-WEST PROVINCES AND OUDH-r<m/iVfi/<rf. 

IMPORTANT MINERALS-><<MU-;<«&>cf. 


Mineral or 
Stone. 

Locality. 

1 

Reference. 

Other 

Minerals 

Rsmarks. 

SALT. Sal.-- 
contd 

1 

1 

Bulandshahr — conid 
Khadir Lands— 

1 


1 

tfme having been 
Mubirakpur— si- 
tuated on It having 
had 319 salt works, 
producing 4 I 3»300 
maundb of salt, 
before salt manu- 
facture was pro- 
hibited. 

1 

1 

Cawnporp 

Journ As. Soc., 
Ben III, 13(5. 

Clm Lim 

1 

Earth salt 


V 5 — Thtrc i» lio rock ^alt Ail the salt that used to be made in the North Western l^ovmccfl WaR from 
earth salt, which U mo^t likel> common enough near most of the rieers In the atluvtal districts , and In the soih 
around most old \tllagcs In the same countr> 


MISCELLANhOUS MINERALS 

Alum, Alin, Antimony Ores, Ant Arsenical Minerals^ Ars Ashtstus, Bismuth anti Cotwilt 

Of cs, iB r Borax, JBa* Chrome Ores, Chr, Copper Ores, Cnp (oiiindum, ( ot Gypbutn, 
Cyp. Lead Ores, Mag:nesia Minerals, Manjj^anese Dies, ilfon Mica, Natron, 

Pfat, Nitre, Nit. Ochres Ochr, Phosphates, Pho. Platinum, / It. Plumbago, Pirn Soap- 
stone, Sap. Soda Salts, Sod Sulphur, Sh( Tm Ores, 7 n >^)nc Oies /;£c tv, 
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NORTH-WEST PROVINCES AND OVDn-^continutd. 

MISCELLANEOUS MlNERALS-co«<>niM’<<. 


Mineral or 
Stone. 


Locality, 


Reference. 


Other 

MlneraU. 


Remarks. 


ASBESTUS, Garhwal— 
Asb. Ukhhnath, 


Gazetteer X, 294. C.Cop. G. K. In a hill north of, 
Ld. Lim. and a short dis- 

Plm. Slte. tance from, village; 

I Snd. Sop. said to be of very 

Sul. good quality: used 

I I as a dressing for 

I ^ wounds, and as 

i , wick for oil lamps. 

' ' Worthy of enquiry. 


COPPER Garhwal 
ORES, CoA* 


Man. 11!. 268. 

I Rec. 11,88; Gazel* 
t teer X, 279. 


Agar Sera 


Asb.C. G 1. The mines of cop- 
Ld. Plm, per in Kumaun 

i Slte. S.sd and Garhwal have 

1 Sop. Sul. never been of 

much practical 
I value either as a 

I source of supply 

j i for local consump- 

tion or as offering 
I a valuable return 

to labour and ca- 
! i pital. Gazetteer, 

• N. W. P..X,a79. 

, I In the Lobha patti ; 

I old mines, thin 

I j strings of vitreous 

' j and purple copper 


Dewalgarh 


Dhanpur 
Dhobri 
Nagpur . 


Tornakoti 


\ Said to have yield- 
/ ed largely in 

[ former tunes. 

f Copper pyritcik, 

V grey and vitre- 

J ous copper. 

Several old mines 
here, deserted. 
Centre of a group 
of mines, three of 
which were the 
scene of the ex- 
perimental mining 
carried out by 
Go vernment 
under Mr* Wil* 
kins in l8jS* 

Same^ as at Agar 
Sera : mine said 
tc be f.ivourably 
situated for wood 
and water. 
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NORTH-WEST PROVINCES AND OUl?H-««//«««f. 

MISCELLANEOUS MINERALS-cAMNDiiml. 


— - - -- 





Mineral or 
Stone. 


■Qmfii 

Other 

Minerals. 

RSMARKSa 

COPPER 

Kumaun • « 

Man. Ill, 367; Rec. 
II, 87: iV. ipi 

Alm. AR 9. C> 


ORES, 


Grt. Gtp, 


€op*^-^contd 

Beler 

Gazetteer X, 379. 

I. Ld. Lim. 
Oil. Plm. 
Sltb. Snd. 
Sul. 

Old mines* 





Chinkalkoiri 

, 

... 

Ditto. 


Ganguli . 

... 

. 

BujII mine, and Re^ 




thaiat mine (BeU 
patti) Fudiali mine 
(Altragaon patti), 







Rai mine, and 
Tamba Khan 




1 

i 

1 

(Ganguli patti). 
The Rai mine 11 

I said to be the most 
important in Ku* 





maun. 


Ginrar • 


1 ! 

Small mine. 


Gurung . • 

, 

1 

Old mines. 


Kharahi . • 

, 

Gaul mine. 


Sira 

,, 

... 

Noted lor its cop- 

1 

1 



per mine in the 
Barabis) patti. 


Lalatpur— • 

Rec. I, t6, Ga^et* 

Grt. I. Lim 

Mansagra pargun- 
nah l,.oaG not 


Saurii 

teer, I, 323. 

Slte. Snd 



Trp. 

1 

1 

fixed, but rolled 
lumps of copper 
ore in old pit. 



GYPSUM, 

D3 HR\*OOn 

Man. Ill, 453, 
Mem. in. Art. IV, 

1 

1 C. OCHR. 


Gyp. 


Pho Slte. 



*77- 

Snd. 



lari Pant 


... 

Not in much quan- 


Nagal. 



tity at these 


Ranon« 

Sahansadhara. 

1 

1 

places ; most 

likely a product 

1 



1 

1 

1 

of infiltration in 
recent times. 


Garhwal — 

Gazetteer X, 394 . 

Asb. C. Cop. 



Alaknanda R. 

1 . Ld. Lim. 
Plm. Sltb. 
Snd Sop. 

i 





Sul. 

? 

1 

( 

Kumaun — 

* 

Alm Ars.C. 



Cbhakata Pargunnah 


Cop. Grt. 
I, Lo Lim. 
Oil. Plm. 
Sltb. Sno. 





Sui. 

i 

1 




PART 3<) 


Klf^G: Provisional Index. 


187 


NORTH-WEST PROVINCES AND OUDli—coft/inued, 

MISCELLANEOUS MINERALS-c^n/mtitfi^ 


MinerAl or 
Stone. 



GVPSUM, Ki 3 UAV 7 i—€ontd. 
Gypr^€ontd, Niha) Bridge . 


Rec. XXII, 137 


Between Nihalpur 
andDhapla village. 
Estimated amount 
^38,500 maundsi 
1 or 37,430 tons; a 
tufaceous sort of 
j deposit of recent 
I formation from 
springs. 


lead ores, Garhwal 

Id. 


Dhanpur 


Kurrakot 
Nagpur . 
Tachirda 


1 Man. 111.308 ; Rec. 
I II, 88; Gazetteer 
X, 290. 


Asb. C G. I 
rtvp.i.LiM.' 
Plm Slte ' 
j Snd. Sop. i 
Sul. 


I Set. Rec. Govt, of Coi». 
I India, XVn, 74. 


' Cop Lim. 
Sltb. 


“ The lead mines 
in the Himalayan 
Districts of the 
N.-W. P. appear 
to be situated in 
localities difficult 
of access ; several 
of them arc work* 
ed to a small ex* 
tent by the in- 
habitants for local 
purposes.’* Man. 
j 111,308. 

I Galena. Ore said to 
I be abundant, and 
I mine favourably 
j situated for work- 
ing. 

jak mine, Badhun 
* rgunnah, 

O t mine. 

I Worked, but not ex* 
• tensively. 


Jhansi— 

Jhansi Cantonments 


I Man. Ill, 299 


Extent and nature 
of deposit not 
known ; but speci- 
mens of Galena 
yielding 19 oz. 12 
dwts, of silver to 
the ton were found 
on banks of 
stream. 


Kumaun 


Man. HI. 308; 
Mem. Ill, Art. IV* 
* 79 - I 


Alm, Ars. 
C Cop, 
Grt. Gyp. 
Liu. Oil. 
Plm. Sltb. 
SkD. Sol. 
Cop. 


Karahi paiti ; Gale- 
na in limetsone. 



m 


Mineral or 
Stone* 


NITRE. 

m. 
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NORTH-WEST PROVINCES AND OUDH-wwaW, 

MISCSLLANBOUS MlNBRALS>-««»«iii«irrf. 


Locality. 


Allahabad—^ . 
Doab 


Sikandra 


Azamoarh-' 

Atraulta 

Kaoria. 

Mahul. 


Ballia— . 
1 Ban^dih 
' Behra. 

' Chicbor. 


I 


I 

j Bulandshahr-- 
Khurja pargunnah 
Pabasu. 


I 



Reference. 


Other 

Minerah. 


Rbmarks, * 


Man. 111,500; Ga. 
zctteer VIII, pt. 
2 , p. IT. 


Lim. 


$altpetre plain:^, 
Coxbmon in west- 
ern parts. 

Common in eastern 
half of thh par- 
gunnab. 


Gazetteer XIU, pt. 
. p. S8. 


V.LT. QALt 




- ^ p4ruuui;i,iun 

saltpetre in these 
par^nnahs was 
prohibited by the 
Customs Depart- 
ment on account 
of the prevalence 
of salt (chlorioe) 
soil from which 
salt might be 
manufactured 


Gazetteer XIII, pt. 

; 3.P.66 


Sod. Lim 


I , 


I 

1 


. 1 Two refineries. 

Ditto. 

' Ditto. 

I 46s crude saltjietre 
factories in the 
district; the 
quantity usually 
manufactured is 
estimated at 
16.475 mauods 
per annum. Most 
of the factories 
are in the Kharid 
and Slkanda^ur 
pargunnahs. The 
quantity of salt- 
petre refined in 
the district was es- 
timated at 5.000 
maunds in 1^4. 


Man. Ill, 500; Ga- Lim. Sal. 
I zettecf III, 38-40. Sod. 

I 



'* Saltpetre is to be 
found in almost 
every village of 
the '^district, in 
mort or^Iess 
quanntios, and the 
villages capable 
of binng worked 
for substance 
most j be some 
hiind^ds in num- 
ber. in 1876, 9$ 
factories produc- 
ing crude salt* 
petre.'and two re- 
fineries." 
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NORTH-WEST PROVINCES AND 

MISCELLANEOUS MINERALS — couttnued. 


Khmaun: — 
Bimini Devi. 


Gar job 

Kalim Atia hill - 
Palsint « 


(fineral or 
Stone. 

Locality. 

nitre. Mf. 

—e«»td. 

Eiawa . . . ( 


Gobarhpuk . . < 


Mainpuki . . h 

1 

MsKRur — 

Bagpat pargunnah < 

i 

[ 

1 

1 

PHOS-' 

PIIAPE-S. 

Pko. 

» 

i 

1 

1 

1 

Dpr\ Obs-*- 

Mu.sun . 

( 

i 

1 

PLUMBAGO, 

Pin. 

\ 

GxRhwAL — 

1 Karnpraiag 1 oad 1 


Reference. 


Gazetteer III, 


~e. 

Other 

i Minerals. 

1 . 

ReMARKSr 

^ 532 

Livf. , 

Leases, R 16 to R18 
per factory 

. 34S 

1 

I IM . 

A large quantity of 
saltpetre is made 
in the district. 

L S3a 

Lim . 

Leases to Ri 

per factory 

1. 249 

Lim Sud. . 

5 A little saltpetrewa 


Rc( X\ II, 19^ 


C Gm*. Slt 
! S\D. 


Mill in, S^, Ga-jA'^b C Cop 


retteer X, -QJ. 


Oil.o 


Ditto 

Ditto 


G p 1 
l.D L’M 
Sltt Snd 
Sop Sn. 


\lm. Ars 
C Cor 
Grt. G^p 
Ld. Li XI 
Oil. Sit 
Snd Sll 


manuf irtured m 
the Mepnit DIs- 
tnct in 1R76. 
There were about 
150 factories, pro- 
ducinjr 150 to 200 
maunds. Previous 
to 1867, a refinery 
was wotked at 
Harpur. 


Phosphatic nodules 
in black clay-slates 
near MussUn. 


Lohha patti , u^ed 
a:> a dye. 


In the spur facing: 
Almora, on the 
Lohughat road. 


Near Balti. 

North of A'mora. 

The graphite of 
Garhwal and Ku* 
maun is not pro- 
mi'ting in quantity 
or quality. 
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NORTH-WEST PROVINCES AND OVnH^tonitdumi. 

MISCELLANEOUS MINERALS-mo^iaihA 


Mineral or 
Stone. 


Locality. 


SOAP. 
STONE, Sofr. 


Gakhwal 


(Includes stea- 
tite, pot- 
stone» and 
Talc (not 
mica). 


RefereDCO. 


Gazetteer, N. W. 
P., X, 2^4 


Other 

Mmarats. 

Abb. C- Cop.j 
G. Grp, L 1 
Lo. Uh, 
Plh Sltb I 
Snd. Sul. 


Rbmabk^i. % 


white sapona. 
ceoiis stone re^em- 
blin^ and used 
for the same pur. 
pose as pipe clay 
IS produced in 
man/ places *' 


Hamirpur — 
Gauhari 


* Gazetteer, N. 

P, 1. IS7. 


W 


Grt. Lim. 


. Panwiri pargunnah 
Owned by eemm- 
dars who levy 
R2 ,ooo to Rjooo 
per annum from 
the stone- workers 
for the privilege 
of quarrying 
M ide into toys, 
hookahs, pots 
\asss, 8 ic, 


]H \NSI — 
G ran 
Palar 


Gazetteer, N. W Grf^ Lim 
P, i>26i. Trp. 


Six loiles to the 
north of Jhansi. 
An inferior kind 
of soap-stone, pre- 
fciabSy pot-stono. 


SODA 

SALTS, 

Sea, 


Ballia — 
rshadaon 1 
Kupachit. 
Lakhnesar. 

S kandarpur. 


Gazetteer XIII, pt. 
3 . P- 67 - 


Nit 


Fiity factories for 
caibonite of soda 
(sajj f)in these p tr- 
gunnahs Out- 
turn in 1884. es 
timated at 11,400 
maunds. 


nLLANOSHAHR — 

Anna 
Btdauli 
Dankaur . 
Ganges Canal . 


Garabpur • 
Gujarpur 
Jfihangirabad . 

Kambakshpur , 
PfthTAU 
Sur^pur . 


Gazetteer 111,38 


A I 


Lim. Nir. 
Sal. 


Carbonate of soda, 
called Sajji, 

Sulphate of soda, 
Knat% 

Sulphate of soda, 
also $ajii. 

All alotig this canal 
patcl^ of Sajji, 
under the name of 
reh, \ 

Pateb^ of Sajjt, 

Sulph^e of soda. 

N. W.^of, carbon- 
ate of soda. 

Sulphate of soda. 

CarooflRte of soda. 

Carbohate and sul- 
phate of soda. 


^ B.—lbese pUctE of EoJa fctnonvee nee occur in what arc called the Ahadtf lands. The maoirfactarc of 
ttulphatc of soda was prohibitcJ owing to the large percentage of salt (( hloriae) contained m ibc A&dn **r 
ttif hau oi soda tartb 1 he Sajji Jatkds are odI> need when natue glass b made. 
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NORTH-WEST PROVINCES AND OUDH — coniinutd, 

MISCELLANEOUS MINERALS— 


Mineral or 
Stone. 

Locality. 

Reference. 

Other 

Minerals. 

Remarks. 

SODA 

salts, Sod. 

— contd. 

Meehui — 

Khadir lands of the 
Hindan. 

Gazetteer !U, 249 

Nit, 


SULPHUR, 

Sul, 

Garhwal — , 

Bin R. 

Man. in, 159; 
Gazetteer X, 293, 

Asb. C Cop 
[ G. Gyp. I. 
Ld. Lim. 
Pi m.Slte. 
S\D. Sop. 

Sulphur spring, two 
mile*? aho\e ]unc* 
tior with the Alak- 
nanda R, 


Nagpur pargunnah . 



Sulphur spring 
close to the snowy 
range, to N. E. 
of the Madh Ma- 
heswar temple. 


(tanjia R. 

Rec. 11 , 88 . 

1 

At M Ars 
C. Cop 
Grt. Gvp. 
!. Ld Lim 
Oil. Plm 
Site Sm) 

1 

Munsi.iri tract , in 
bed of n\ er. mixed 
with carbonate of 
lime or perhaps 
g> 


Kathgodam 

Nairn 1 al 

Nargoli 

Raingunga R. . 

1 

1 

1 

! 

1 

1 

1 

! •• 

1 

1 

1 

i 

? S u 1 p h LI r 0 u 

5 springs. 

Nfunsian tract, db 
above. 


GEM-S TONES, &c. 

Amber, Beryl, Diamond,/?. Garnet, Cijr. Jat3f> and |adeite, 3^</. Quartz, (?• 

RulWIite, Hhi, Ruby, H. Sapi'hiie, 5. Spinel, Spl, 


Minerals or 
Stone. 

DIAMOND. 

/A 


Locality. 


B\Nn\— . 

Saya Lacbhmanpur 


Reference. 


Gazetteer I, 9S 


Other 

Minerals. 


Remarks. 


Clv. 

Lim 


Grt. Dianfiond mine at 
Sm> this place which 
I is the summit of 
' a hih called Bin* 

I dachal, about 14 
I miles from Panna, 
in the Badausa 
pargunnab. Only 
I belongs to the 
1 Britiiih Govern- 
ment, and this is 
leased for 125 
1 per annum. 


H J 
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NORTH-WEST PROVINCES AND OMmi^continued. 

GEM-STONES— 


Mineral or 
Stone, 

Locality. 

Reference. 

Other 

Minerals. 

Remarks. 

JAUh. ANU 
JADEITE, 

ya. 

Mih/apur— 

Bhanini 

Man. Ill, 517; 
Rec. VII, St* 

C, Grt. Lim. 

Between this place 
and KotamoWa, 
and at top of 
Kurea Ghat, bands 
of jade int.riufd- 
d d ¥fith mica 
schist. 


Kisari 

Kure«'i Ghat. 



Olive-green jade 
ocrus N, W. of 
this village. 

Clays, Cfy. 

QUARRY STONES. 

Granite, Gneiss, &c., Grl Laterite, Zie. I.im«'stone, Marble, 
Sandstone, 5 «d Slate, Trap, Basalt. &:r., 

Kunkar, &c., Lim. 

Minerals or j 
Stone, 

Locality. 

Reference. 

Oth-'r 

Minerals. 

1 Rl MARKS. 


CLAYS, Cly ^ Alu^^rh , 

{ 

f Azamo\rh 


Niznmabad 


Banda— . 
Kol Garhaja. 


'Lim. .1 

Bricks and pottery. 

j 

Gazetteer XIII, Sal. . . , 

Pottt^y clays , po- 

>25- , 1 

ll^hed b'ack pot- 

1 / 

tery with white 

' 1 

patterns 

G^zofteer XIII, | . ‘ 

Fancy pottery. 

1 



. ' Gazetteer I, 98 . D. Grt. 

I I 1.1M. 


t 


Pipo clay w found 
in a pretty exten- 
sive dep isit on 
the hill aSo'e this 
place, in Tarahwan 
pargunnah. 


CAWNPORfc 


. ' Gazetteer VI, 42 . i Sal. . 


FaRUKH A' 5 AD — 
Fatehgarh < 

Mu/AVF VRf^AGAR 
Rampdr 


. I Cal Jour. Nnt. 1 
Hist, Soc. II, I 
59t; 111,152. 1 

. Gazetteer III, 4^8 j 

. Gazetteer IX, pt. | 
3 » 34 - 


Lim. . 


Lim. . 


BncH claya are pro- 
curable in most 
pa^s of the dis* 
triet. 



Bride and tile 

Glai^id pottery, 
pale blue and 
gr^en colours. 
The clay is 
to be found only 
in a tank near the 
City of Rampur. 


N,a.—'Cla>s saltat^e for bricks are common all over the At'nvUt plains of these province* | »nd are manw 
factured in most vUlasie*, or to a tarter extent 10 tbo great towoi, Potirry of sny actoont fipp<*iiri to he manowc* 
lured only in iHe places mentioned { the Aligarh pottery, principally d blat.it anJ red cdours, is generally 
show at the Kalivay sUtion. 
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NORTH-WEST PROVINCES AND OVDll—eoniinued. 

QUARRY STONKS — continued. 


neral or 
Stofte. 


Locality. 


Rtferc nee 


0 *her 

Minerals 


Remarks 


granite, 

&c, 6r/. 


Banda— 
Kiklinjar hills. 


(IncMes all 
fairly con.* 

pact crystal- Hamirpur 

line rocks ; ' 

as gnei^'Ses ' Jhavsi 

of all kinds, 

generally of I Kum\UN 

grejf green- 

r,h or flesh j 

colours. Not 

com pact 

massive 

black or 

daik gr^'en 

rocks such ' 

as Basalt f 1 

Trap.&.c) I 

! Laf atpi r 


in. SIS. Cl. if I 

(tAzeVeer I, 95, ’ 

447 1 


("la/ctker I 56 . Sop 

D'tto 1, 261 . S >v 
Ditto X, 296 . 1 


Ditto X, 323 


Svf nite, g-een stone, 
j A.r , up to foot of 
the scarp which is 
of sandstone. 


At Almora, m^a 
I schist IS used as a 
building »tone , at 
I Naini Tal clay 
I schist IS used. At 
Rinikhet, a palo 
coloured gneiss 
forns a handsome 
and lasting build* 
mg stone 


Cop I Lim 
S f IE Snd 
I RF 


' MiR 7 \PI r — 

I South of the Soup R 


Ditto XIV, pt C Jo. Lim 
a .0. SS- 1 


LIME- I 

STOVE, 

&c , Ltm, 

(Incluiles ’ 
Marble of 
d 1 fl e r e n t 
kinds, cal- 
careous flag- 
stones Tra 

V e I t I n e 
‘Kunk Ar,'or 

‘G h u 1 1 n-' 

And, for con 

V e n I e nee, 
serpentines 
and alabas- 


Agra— 

Pan.ih it T.ihsil 


Gazetteer VII, 46*^ Snd 


Allahabad— 

La wain • 


Di^to VIII, pt. I N’T, 
l> 37 1 


' form of tufaca- 
s or travertine 
>usit (kunkar), 
c I led block kun- 
kar, or da fit by 
the n.itives of the 
district, IS found 
in the Chambal 
r . IPS fne no- 
dulir fo-m of the 
same deposit is 
\«ry cormionly 
distiibutedali ONcr 
I the a luvial tracts 
of the North- 
West Pr5Viiues, 
and IN generally 
used I >i mik’ng 
lime, or for road 
nutenal. 

Quarries U r kunkar 
at this place m the 
' A rail par gun nab, 
I Interior quality ; 


for road uiatcnaL 
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NORTH-WEST PROVINCES AND OUDH-««A‘«wrf. 

QUARRY STONES-«)f>rt»ii«<i. 


Mineral or 
Stone. / 

Locality. 

Reference. 

Other 

Minerals. 

Remarks. 

LIME. 
STONE, &c. 
tim,-^C 9 ntd. 

Aligarh . 

Gazetteer II, 388 . 

Cly. . 

Kunkar quarries 
exist in consider- 
able numbers alt 
over the district, 
Block kunkur 

costs a rupee per 
hundred cubic 

feet to quarry, and 
8 annas per mile 
for transport. 


Ballia— . 

Amdaria . . . 

B4nsdih . 

Bartigaon 

Bhadaon. 

) Ditto XIII, pt. 

) 3. P- i 3 - 

Lim. Nir. 
Sod. 

Quarries for soft 
kunkar. 

Block kunkar in so- 
lid sheets of co- 
herent rock. 


Chilkahar 

Firo^pur . 
Hanuinanganj . 
Lakhnesar 

Phipria • 

Sahatwar 

Sannora • 

Sihachaur 

Sikandarpur 

\ ■ 

... 

i 

1 

! 

Soft kunkar. 

Block kunkar, as at 
Bhadaon. 

Soft k'nkar. 

Block kunkar, as at 
Bhadaon. 

1 

Bvsda— . . .! 

Chhibun 

Gazetteer I, 98 . 

1 

Cly. D. GR^ 

; ! 

Kunkar; burned f<»r 

1 lime in this par- 
! gunnah. 

i 

1 

Guncha . 

1 

KenR. . • .| 

Ditto, ditto 

i 

1 

1 

... 

in the PaiUni par- 
ffunnah ; blackish 
kunkar, met with 
in quantities, for 
rrmd metal. 

Kunkar for metal- 
ling roads, found 
in thi|i river, in 
the ^nda, Pail- 
ini ahd Sihonda 
pargufnaha. 


1 

Tarahwran 

1 

' Mem. G. S. of 1. 

n, 


300 feel of horizon- 
tal limifcstones, 6ne 
and compact like 
Solenbolen stone, 
but saccharine lus- 
tre, pale colours. 
KunlUr burned for 
lime in this par- 
gunnah. 
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NORTH-WEST PROVINCES AND 


QUARRY STONES — continued* 


Ainerftl or 
Stone. 


Locality, 


LIME- i 
STONE. &c. 
L* w.— o^mtd* 


Barrilly— 
Cbhura . 
Fatehganj, Ea^t 


I 


j Basti— 

I ManaMma R . 

f 

( 

\ 

1 


! Brnakfs . 

' Budaun — 

Atjol 

Birhaula . 
Chakolar 
Ma^addpura 
Rasdla 

Sikri Kasimpur 

Bulavdshahr— 

Akbarpur 

Farhadpur 

( aurauli . 
hont 

Lfxihi , 
Madnnpur 
Shahpur 

I Cawnpur — 
j Kandra , 

I Maswdnpur 
j Tilsahri . 



Reference. 


I Other 
Minerals. 


Remarks. 


I j Gazetteer V, 570 


1 


j Gazetteer VI, 608 

I 

I 


I 

I 

I 


. ' Gazetteer XIV, 27 


Kunkar is compara- 
tively scarce ; but 
it repays excava- 
tion at these pla- 
ces, at one or two 
places between 
Bareilly and Bho- 
jupura, and at one 
villajjf* between 
]ahdnnbad and 
Richha. 

The nodular form of 
kunkar is quarried 
in several places: 
in most of which 
it is soft clayey, 
and apparent'y 
more fitted for lime 
j nianafaclu'-e than 
j for road ma- 
, terial. Alonsr the 
J banks of this river, 

I in the Warns arp.ua 

1 tappa of Nagar, 
, it IS found in a 
! harder condition 

I 

j Kunkar, burnt as 
I lime. 


Gazetteer V, 


37 



Gazetteer III, 40 


1 


Gazetteer VI, 4* 


I Kunkar quarried at 
these places , and 
at several others 
in the district. 
Used mostly for 
road metal. 


Nit. Sal. 
Sod. 


Cly. Sal, , 


Block kunkar, quar- 
ried at these places 
and used as build- 
ing srone. Kun- 
kar for metalling 
roads is found all 
over the district. 

Kunkar, also occurs 
pretty fairly dis- 
tributed all over 
the district. 
Quarries near the 
city of Cawnpur 
are becoming ex- 
hausted. 
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KORTH-WEST PROVINCES AND 

QUARRY STONES— 


Mineral or 
Stone, 


Locality. 


Reference. M?nefal», ReMARM. 


LIME- , 

STONE, &c I 
Lim.’^contd^ f 


EtAwa— 
Ahneya nadt 
Chambal k. 
Jumua R. 
Puraha nadt 

Farukhabad- 
Girwa 
Khalla . 
MamApur 
Rarapanapur 
Ritaura 
Saraian . 
Sohapur . 
TAlgr 4 m . 
UUbra 


I Gazetteer IV, 33 


Block kunkar ia 
found throughout 
the distriq^. 


Gazetteer l\\ 2 ']o Nir. - . Block kunlcar. 


>*Ga 2 eiteer VII. 57 I Cly. , 


Bl 'ick knnk« 
I Quarries 


} Fa r RHP UR 


Carhwal— 
Ala k nan da R 
Lohba patti 
Nayir R. 


I GhXzipi’R — 


( Gazetteer VIII. pt 
3 P -!5 


I Gazetteer X. 295 


Gazetteer XIII, pt 
2 p. 33 . 


Asb C Cop 
G. G^p I 
I,») Pem 
Slie Sm* 
SvL 


iKunkar is fonnd m 
I large quantities 
j throughout the 
1 dirttnct. 

Thr«*ew ranges of 
I limestone hills » 
of the first 
river in Nagpur, 
* run lung from 
I ..oh ha patti to the 
Piodzr R., and 
I south <jf the Nagar. 
I.rkenise other 
sm*ll patches scat- 
U?rcd through the 
district. 

Kunkar is found in 
ail the upland 
parts of the dis- 
trict. 


Gorakhpur- 
(ihagFA R, 
Taraina R, 

HamiRpur 

Jaunpur . 


JiiAnsi— . 


I > 

I Gazetteer VI, 344 Nit. , • Kunka^ scarce* 

Cazeitcer I, 157 Grt Sop. . Kunkaf. 


Gazetteer XiV, pt. 
3^ P' 27- 


Kunkft^ occurs In 
the upland p^rts 
of ther district. 


Gazetteer 1, 362 ' Grt. Sop. . KunkaT obtainable 

all over the dis- 
trict. 
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NORTH-WEST PROVINCP^S AND OUDH — continued. 

QUARRiY STONES — continued., 


Mineral or 
Stone. 


Locality, 


Reference. 


Other 

Minerals. 


Remarks. 


UMR- Kumaun— 

tone, &c B4 ge3war. 
Ltm. — conid. 


Borarau . . . I 

Charal , . I 

Chital (N. of Dwara ' 
h&i) 

Dhai^nirao 
Dhikuli , 

Gunjia R . 

Jaiuli (Kharahi ranije) 


Gazetteer X, 295 At m Ars, Lime is manufac- 
C Cop. tiired from lime* 

1. Ld Oil. stone between 

Plm Slfe this place and 

Snd. Sll. Almora. 


Rock limestone ; 
from which lime 
IS burnt, also as 
building stone. 

Ca’ carious tufa, 

kunkar. 

Rock limestone. 


Naimi Tal~ , . I 

Nibal nadi \ 

Ramnagar (Cart-road | 
to). 1 / 

Simalkha . ..)* 

Sira . 

Sor . . 


Lalatpur . 


Mainpuki , 


Merrut— 
A>ddnagar 
Bnjnathpui 
Chhajupur < 
nattUna . 
Faildpur . 

Ma^ahra . 

Meerut . 

Nali Hasanpiir 
Nandpur . 


Narainpur , 

Rdjpur « 

Rasdlpur Dantla 
Sadullapur 
Sikhera , » 

Tib rot 


Calcareous tufa. 


Rock limestone. 


Gazetteer I 324 Cop. Gkt I Kunkar. 

Sltf Snd. • 

Tttp. I 


Ga/ettrcr IV, 533 ' Nit. 


Kunkar abundant 
I uid of good 
I ' ’ality. 


Gazetteer III, 248 Nit. Sod. . j Kunkar. 


j Hdpur pargunnah. 

• Onto, 

Ghinabad tahsil. 
Ciaihmukte*iar par* 
gunnah. 

Ditto ditto. 

Sardhana tahsil, 

' Hdpur pargunnah. 
tihaziabdd p a r- 
gqniwh ; block 
knnkar. 

Ditto ditto. 

Garhmuktesar par* 
gunnah. 

SarAwa pargunnah. 
Hdpur do. 
Gaihmuktesar par* 
gunnah. 

Meerut pargunnah. 


iq 8 Rcfonh of the (ieoh^tal Sutvey af India. (vot xxtii 

NORTH-WKST PROVINCKS AND 

OUARRY STONKS-fvnWwwrt/. 


Mineral or 
Stune. 


LIMB- 

STONE. Ac. 


LocaUty* 


R«fbrenctt« 


Othw 

Mifuertisa 


1 


MIHIKAHIIE a 

BIcHn nAl^^ 

Bilw&da « 
Saipur 


Singrauh 

Ubra Hill 

Moraoabad 


AtrAsi 
Dhakia • 
Gwdl Khera 


Wan. 10,4631 Ree. G, G»» 
V, 195 VI. 4#; 
CatetiMr JOV. 


Jjo. 0 


C. 


Gazetteer IX, pt G. 


I Maghupura 

Mansurpur 

Mundia . 
Parota 

Pat4i 

1 Tulwar , 

» 

Muttra 


S^dabad tahsil 


Hr MAR kb. 


1 3. p. 54. 

1 

1 

1 

... 

i 

... 1 

1 

I 

... j 

f 

Gazetteer VIH, 57 ^ 

1 

1 

••• ! 

1 

Sno. 

1 

1 

j 

1 

1 

... 

... 


flM 


{MoRqUb, futer- 
btdded with »er. 
pontine. 

Coartelv cr)-5taHme 
whitft Hm«stone. 
Ott th« right bank 
of the Rehr, a 
Httitf below thi^ 
village, white 
crystaUine marble, 
with aerpentine. 

A few miles Irrun 
this, on the r »ad 
i to Miry.ipur. Pure 
I white marble, 

' White granular 
limestone. 

. Kunfcar is obtain- 
able everywh<*re 
to the south of the 
RiSingunga, exrfjjt 
in * .e Moradabad 
tabsij, 

H.Hanpur tah- 

‘ill. 

Sambhal tab* 
sil. 

tahHil. 

Sambhal tah- j 
sil. 

Sambhal tah- 
sil. 

IhUrt tahsil. 

Hasanpur tah- 
sil. 

Hasanpur tah- 1 
sil. 

Sainbh4] tah« I 
sti. 

Kunkar is abundant 
all oi^r the dis- 
trict, but there u a 
great ilifference in 
the Cjuality of 
what Ts got east 
and nfest of the 
Jumna^ ; that from 
the ^st being 
larger* harder, of 
a good ashy blue 
colour, and in 
thicker strata. 

Block kunkar. 
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yUARRV STONES-co«r/»K<rf. 
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or 

Stone. 

toeaJity, 

J.lME* 

S10NE,&C* 

MuZArPAftNAGAR 

Tin^ih tAkeU • 
ShUimli do. , 
Soldoi k. 


SahAranpvr— 
Bditihan * 
Dhulahera 


Kumtiirhera • 


1 Mdlrnkpur 


Rai^hunathpur . 

j Tctipura . 

( 

I Tikraui . 


j Zainpur • 

Sh\hjahanpur . 


Reference, 

Other 

Minerals. 

Remarks. 

Gazetteer 111, 487 

Clv. 

Kunkar for 

road 



metal U scarce. 


... 

Only one quarry* 

... 

... 

Two fair quarries. 

... 

... 

One quarry in the 



Muza (Tarn a ear 



tahsil. 


1 Gayetteer If, 175. 




1 


SarsAwa par-\ 




gunnah. 

•T3 

I 

1 

... 

SarsAwa par- 

§ 



gunnah. 


! ... 


Sultan pur 

*0 

. 


pargunnah. 

0 "X 

1 

... 

NaktSr par- 

l-a-i 

1 

1 i ^unnah. 

/r 3 


. ‘ Su Uan p ur 


1 

1 pargunnah 



' ... Ratrpur par- 



gunnab. 

3 

... 

, . . Nakur par- 1 



! t gunnah. J 


Gazetteer IX, 58 . 

j ... Kunkar. 



SAND- j Agra- 

stone, 


Snd ( 


1 


(lnclu\ 3 es any 

Baghauf . 

Man. in. 540; 

Lim. . 

Va’jable quarries 

sandy rock ' 


Mem VII, 116 ' 


o* ed and white 

usr<i for j 


G.T/etteer VII, | 


$.• >tonp; in the 

building, 


400 


Ki Airagarh tahsil. 

even calca- 

Bandraoii 

1 

In the Kiraoli tab- 

rpnus rand' 



sil. red sandstone, 

stones. 


1 1 

inferior to the 

Fiaga ; also 


; 1 

stone of the 

quartzites 


1 1 

1 1 

Khairagarh tahsil. 

which are 

Basai-Jagner . 

... 


Valuable quarries 

only indura- 


1 


of red and white 

ted sand- 


1 


j sandstone, in the 

stones. Peb- 




; Khairagarh tahsil. 

bly rocks.) 

Bidhauli . . i 

i 

j Hill in the Khaira- 


1 

1 

garh tahsil , yield- 



! 

ing best mill- 



1 

stonc'i, oil-presses, 



1 

%ug?r-mills, &c. 


Chandsaiira 

• 1 • 


Common stone. 


Dhannuli 



Red and bluish 


1 



stone, too hard for 



1 

1 

general masonry. 


Dhanina • • 

! 

... 

Red and w hite 





sandstone ; Khai- 





ragarh tahsil. 


Ghaskdta • 


• ei 

Ditto ditto. 



Kareki . 

. 


Ditto ditto. 
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NORTH-WEST PROVINCES AND OUmi^-contmued. 

QUARRY STONES.-cenO'niwrf. 


Mineral or 
S^one, 


SAND- 
STONE, 

Snih^(antd> 


Locality. 

Reference. 

Other 

Minerals. 

Rbmarks. 

Agra—cowW. 




Meoli , 

... 


Hill in Khairagarh 




tahsil ; yielding 
mill-stones, See, u 

Nasana . 


... 

Red and whitS 




sandstone. 

Ninwaia . 



Red and bloish 




stone, too h.ird for 
general building 
purposes 

Nont • 

**• 

... 

Hill m Khairagarh 

1 

I 



tahsil, yielding 

mill-stones, &c. 

Pahari Kalin . 



Common stone. 

Sikri • 

,, 


Kiraoli tahsil, red 




sandstone, inferi- 
or to that of 
Kh.airagarh. 

Tintpuf , 



Valuable quarries 




of r<*d and white 

I 

i 

1 


sandstone , in 

Khairagarh tah- 
Sll. 


S S —The more vAlnnblo qtnmc^, those f‘'r Inctince it T^ntpur, Bavtt-Jignpr, and R^ghaur, arc worked l>v 
membei^ of ihe carpenter (Rarh*i) ca t« haih man pan ^ the lord of the n mr r ^ <tign<>f <i(y vhirfi, acconling to 
the locality and the colour cf the atom, cartes from ka^to teirlv Iht pritt rf fir« ^laadstonc at tie qiunv It- 
wlf, IS for the white or grey sarieU Ry and f >r the red variety Ks < r 6 per hinidruJ n amcK The’*^ife <it Agra »f 
the best stone from Khairaga^h is, for the grt) \araty, about R^o or s» the hondred nuunds, for the red about Rjs 
to 35, Gazettar, N. W F. 


1 Banda— . . 

Benipur Pali. 

Gazetteer I, 96 . 

Cly D.Grt 

I Ltm. 

Bhaunri . 



Gulrampur 

. 

... 

Kahnjar . 


... 

Khoh . 



A 

Khohi Sitapur , 

Kol Garhaia . 

1 

... 

Parridpur , 

Rahantia 

Rasm 

... 

... 

Rauli. 

A 



A welMcnown quar- 
ry in Chhibun par- 
jS^unnah whence 
lar{;e quantities of 
stone are sent to 
Allahabad, 

Quarry in Tarah- 
wan 

In Badftusa pargun- 
nah; a small 
trado^ 

Badiusa pargun- 
nah ; noted for its 
export. 

Tarahttan pargun* 
nah , iquarries. 
Dittos ditto. 

Dltto^ ditto; the 
best the Tarah* 
wan Aones. 

Ditio ditto. 

DitHo ditto. 

Badausa pargun- 
nah; large ex- 
port. 
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NORTH-WEST PROVINCES AND OMTm— continued. 

QUARRY STONES— 


’^Stone Locality, 


sand- Bijnor 
STONE, 

Snd.-^tonid 


Reference. 


Other 

Minerals, 


Remarks. 


C. Lim. .1 Sandstones occur 
over the hilly 
northern edge of 
the district. 


Dkhra Dun — 
Chakrata 

Mussurl . 
Stwalik Range 

C A R H W A L 
KcM AUN. 


I 

1 

I 

I Lalatpur 

Mir/\pur . 
Chunar 

Kaimur. 

Mtrzapur. 


Gazetteer X, 296 . 


C p. 

Pho. 


Pho. 


AND 


Menn. XXIV, 2, 
1 P- 30, ft Sf^., 
; Rec. XVU, lOi. 


I 


i Quartzites frequent, 
which often give 
good building 
stone. 

Sandstones, and 
I quartzites frequent 
‘ at base of hills, 
j Sandstones fre- 
t quent . the range 
is aiainlv made up 
} of sandstones, 
i 

* Sandstones are tre- 
I mendou'.ly de- 
I vt-lop#*d all along 
I the base of the 

* hills in the vari- 
ous ‘diins* from 

, Hardwar on the 
1 Ganges tn the 
1 Sarda river; and 
I on ^outh-east* 

I wards, in the Sub- 
' Himalayan zone. 
I Those of the 
j Nahun group or 
! eries are the best. 


Gazetteer I. 324 


Cop. Grt I 
Lim. Slt»' 
Trp. 


1 


j C Grt Jd. 
Lim. 


Gazetteer XIV, pt.J 
2, p. 54 - 


' Sandstone quar- 
I nes abound in 
j tlic southern part 
j of the district. 

Chunar stone is 
famous a’l over 
India; and is of 
unsurpassed ex- 
cellence in its 
fineness of grain, 
conKuictness, and 
capability of be- 
ing quarried in 
large blocks. It 
can be carved 
with extreme de- 
licacy, while 
large blocks arc 
obtainable for 
great irrigation 
works and public 
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NOKTH.WEST PROHNCES AND OUDH-«>/fAW, 

Ql’ARRV STONBS-rtf«//»W, 


Mineral or 
Sttme. 

Locality. 

Reference. 

SAND- 

STONE, 

Snd.--coHtd 

MirzapoR— 

Chunar, &c.— 

1 

r 

( 

MirrTRi— 

Barsan.i ' . . 

Gobardhan . . > , 

Nandgaon . . ) 

I 

( 

1 

( 

Gazetteer VIII, 55 1 1 

SLATE, SU. 

Dehra Dun— . 

C 

(Includes flags, 
though these! 

Massuri • 

... 


Other 

MineraI-4. 


are cleaved 
like slates.) 


Garhw\l— 

Lobha 


Kumaun 


Lim. Fho. 


Rk marks* 


handings, Quar* 
ries are namerous 
at Chunar Its^, 
along the scarp of 
the Kaimur range, 
and at Mirzajpur, 
where there is a 
large and floor Isb- 
ing trade. The 
usual colours are 
pale half ; but a 
rose-coloured va- 
riety is common, 
and greenish beds 
are met with. 


Sandstone 

building 

poses. 


fit for 
pur* 


Inferior day-slates, 
and shales. 


Bora Rao Patti 
Chiteli • 


Gazetteer X, 2 g 6 


Rec. II, 89; III, 
4T; IV, 21 ; 
Gazetteer X, 296. 


Asb. C- Cor. Thin dark-blue sUte 
G, G^p. I, j of inferior quality. 
Ld. Lim 
Plm Sop 
Snd. Sul. 


Rcc, III, 43 


Ar.M. Ars. 
C. Cop, 
Grt. G\p. 
I Ln Lim. 
Oil. Plm, 
Snd. Sui,. 


No true slate like 
that of Wales ; 
mainly clay-sUtes 
of inferior quality 
giving coarse 
nags. Occasion* 
ally gneissose 
schists, giving 
flags. 

Inferior clay -shite. 

The be|5t slate loca- 
lity, pear Owara- 
hat.,' Split 
alongjthc strati fi- 
catioil planes, not 
along, cleavage 
planel as is the 
way ' with true 
slates* Good 
enoa^ for roofing 
purposes: supply 
very large. 
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QUARRY 


303 


I.AUATPbR- 

Girar 


TRAP, kc., 

Trp 

(Includis bas- 
alt, vvhm- 
stone, and 
other com* 
pact mas* 
sive dark 
c } o u r e d 
rocks of vol-i 
canic on- 

8'n) 


M metal or 
Stone. 

Locality. 

Reference. 

Other 

Minerals. 

Remarks. 

SLATE, Sll. 

KuMAUN-cnrc/<i. ! 

Dhari . * . | 

Naim Tai . . | 

... 


Inferior clay*s 1 ate. 
Ditto ditto. 


Ramgunga R. . . j 

! 

1 

1 

1 


Two quarries on 
the banks of this 
river in the Sult- 
patti. Clay -slate. 


Cop. Grt 1. 
Lim Snd 
Trp. 


Banda— 

Bandxi 


Ihansi — 
Betwa R. 


Lalxtpur— 

Birdha. 

Mauraura 


M<»m II. 76 


Gazetteer I, 261 


The Bijawar series 
occurs to the 
south-west of this 
village, in which 
some cla} -slates 
or shaly flags of 
inferior quality 
may be found. 


D)kc of pure horn- 
blendic rock. 


Grt Lim, Trap, or greenstone 


vSop. 


dykes are to be 
met with in the 
v,iile\ and in the 
southern part of 
the district. 


Cop. Grt I 
Lim Slte. 
Snd. 


An outlier of the 
Deccan tiap near 
this place. 

A larger outlier of 
the Deccan trap 
south-west of this 
place. 
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UEOLOGICAL SURVEY OF INDIA DEPARTMENT. 

TRr-MONTHLV NOTES. 

4. Ending 31 st July 1890. 

Director* t Office^ Calcutta, ^jst J ul/ iSpo^ 

The staff of the Survey is at present disposed in the following parlies 

Madras Party, — R. B. Foote, f.g.Sm Senior Superintendent, Bcllary District. 

Burma Party, — Thfo. W. Hughes Hughes, a.r.s.m., Superintendent. 

Ton D, LaTouche, b.a., 2nd Grade Deputy Superintendent. 

Friiz Noetling, Ph.D., Paleontologist. 

Baluchistan Party, — R. D. Oldham, a.r.s.m,, 1st Grade Deputy Superinten- 
dent. 

Sub- Assistant Kishen Singh. 

Sub-AsMstani HiuLal. 

Hazara Party r-Q, S. Middlemiss, b.a., 2nd Grade Deputy Superintendent, 
Darjiling and Sikkim. — P. N. Bose, B.Sc., 2nd Grade Deputy Superintendent. 
Head Quarters, Calcutta, — C. L. Grifsbach, c.i.e., Superintendent. 

P. Lake, b.a., Asssistant Superintendent. 

P. N. Datta, B.Sc., Assistant Superintendent. 

The Director returned from tour on the i 8 th May. At Lahore, it was ascer- 
tained from the Director, North-Western Railway, that the working and out-put of 
coal at the Dandot colliery were decidedly improving; so that there was no necessity 
to make further geological investigations m that connection. 

Proceeding to Biluchistaii : the sites selecteil for oil-boring in the neighbour- 
hood of Spintangi by Mr. Oldham w/jre approved. The survey for coal in the Bolan 
Valley was being carried on. Here, it was ascertained that a scam of more im- 
proved quality and he occur'j in the neighbourliood of the Bohr hill, giving a total 
of 2'-9^ of coal and I'-i’' of partings, whith seems to be sufllcienlly extensive and 
close enough to the railway to justify systematic working, A visit was then paid, at 
the suggestion of the Director, North-Western Railway, to I>aki in Sind, where 
there is a warm sulphur spring, but without finding any trace of oil shows, as had 
been hoped might exist. 

The oil development near Rawal Pindi, and the coal occurrence near Abbottabad, 
were then enquired into. The disappointment in the oil exploitation so far, may be 
attributable to the boring at Fateh Jung having been run down, on whtt is consi- 
dered the oil-bearing band, too nearto, and on the wrong side of, its outcrop. Unfortu- 
nately the period of the lease » running out fast ; and the exploring party had to 
move to another part of the Punjab, where there appears more chance^ of striking 
flowing oil within the time at their disposal. \ 

The coal outcrops in Hazara, so far as they have been tried by privati working, 
and by the Department of Public Works, are very poor and badly situate^il within a 
complicated and much fractured part of the Dore valley. Many other outcrops are 
talked of in that tract of country ; and it was decided that Mr. Middlemiss should 
make a thorough survey of the conditions of the coal. 

At the earnest request of the Engineer-in-Chief, Frontier Slate Railways, MooIlaUf 
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tbc proposed sites for bridging the Indus were visited, with a view to forming an 
approximate idea of the conditions of the river bed at these places. 

In communication with the Consulting Engineer to Government of India for Rail- 
ways, at Nagpur, reporting better coal from the Eeb river bridge excavations on the 
jjengal-Nagpur Railway, the return to head-quarters was diverted in that direction- 
Xhe coal was found to be not much better in quality than that already known in the 
field; but it is at least 8 feet thick and of uniform quality in the excavation, which is 
sufficient tol warrant systematic boring, provided the seam is found to continue as 
good to the deep, in a boring the site of which was selected on the right bank of the 
river. 

The Salt-range party having been broken up at the end of the field season, Mr. 
C. S. Middlemiss was moved to lia/ira for coal exploration near Abboiubad ; Mr. 
Datta returning to head-quarters at Calcutta. 

Mr, T. W. H. Hughes returned to head-quarters, and availed himself of special 
leave for six months. 

Mr. LaTouchc returned to head-quarters and availed himself of privilege leave 
foi three’ months. 


Li^t of Reporf% / Papers \pnt tn to office for publication or record 
during Ma), Jutu, and 'yuly iKijo 


Author. 


J R. Royir, C.I b India 
Office, London. 


R B Footr 


C L Gkibsbach, c 1 b. 

R. D. Oldham . 

T H J) LaTouchf . 

C*S Midolrmiss 

P Lakr , . . . 

Prof. W Waaorn, Praguf 


Suhj«-ct 


Memorandum on Indian Steatite 


Di-^po^al 


Contribution to Prov’sional Index 
of import.ant minerals, Ao , Mad 
ras Presidency 

Translation from the German of a 
“ Repon of a joutney through 
Ind’a m the winter of i88h-8y by 
Dr Johannes VValther.” 

Geology of the Central Himalaxas 


Published in the '* Records 
I of the Geological Survey 
of India," Vol. XXm, 
I part 3 

Published in the " Records 
of the Geolosncal Survey 
of Vol. XXIIl, 

part 3 

Dm ditto 


Report on the geological examina- 
tion of the Bolan Pass 
Report on the Coal-fields of Liiiun- 
gao, Maosandrani and Maobela*- 
kar in the KIwm HilK. 

Geological sketch of Nairn Ttd 


On the La’eiite of the West Coast 


Description of the Salt Range 
FosisiU. 


WiM b“ published a« ** Me- 
moirs of the Geological 
Surxey of India," Vol. 

\xm 

Rt corded 

Published in the "Records 
of the Geological Snrxey 
of ind.a," Vol. XXllI, 
part 3 

Will be pul>!i’Ah»*d in the 
“ Rec irds of the Geol gi- 
cal ‘surxev of India/* 
Vol. XXIlI part 4 
Will be pub i^hed as “ Me- 
moirs of the Geological 
Surxey of India/ Vol 
XXIV, pa-t 3, 

Will be published Pal. 
Indica.*’ Senes XIII, Vol. 
IV, part 2. 


I 
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Ifotifications by the Government of India during the months of May^ 
June, and July, iHgOj published in the “ Gazette of Indiaf* Part /. 
•-^Appointment, Confirmation^ Promotion, and Retirement, 


Department* 

No. of 
order 
and date. 

Name ol Officer. 

From 

To 

Nature 

ofAp. 

point- 

rnent, 

&c. 

With 

effect 

from 

1 

Remarks. 

Revenue and 
Ajjricul-i 
tural. 

dated 

ist July 
1890. 

R. D. Oldham 

1st grade 
Depu t y 
Superin- 
tendent. 

Offg. 

Supt. 

Tempo- 

rary. 

23rd 

May 

1890. 



Notifications by the Government of India during the months of May, 
June, and July, /8go, published in the Gazette of India,'* Part L 
— Leave* 


Department. 

No. 

of order and 
date. 

Name of Officer. 

Nature 

of 

I^ave. 

With 1 

effect 

from. 

1 Date 
of 

Return. 

Remarks. 

! 

Revenue and 
Agricultural 
Department. 

5-%S. dated 

25th April 
1S90. 

Theo. W. H. Hughes 

1 

Special 

leave. 

23rd May 
1890. 


1 

Ditto • 

5^’ S. dated 

20th June 
189a 

1 

T. H. D. LaTouche . 

Privilege 

leave. 

2nd July 
• 1890. 




Annual Increments to Graded Officers, sanctioned by the Governme?it of 
India during May, June, and July, iSgo, 


Name of Officer. 

From 

To 

With effect from 

No. 

and date of 
sanction. 

Remarks. 

R. D. Oldham 

R 

750 

R 

800 

1st May 1890 

R. and A. DepL, 

XT SM , 

No* io 9 - 4 ^» 
dated 1st July 
1890. 


P. N. Bose . 

660 

700 

1 

ist April 1890 

R. and A. Dept , 
No. 

dated 12th June 
1890. 
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ADDITIONS TO THE MUSEUM. 

From i&t April to 30TH Junr 1890. 

Three specimens of nodular concretions from wave-worn hard sandstone rocks. East 
Coast, Great Cocos Island. 

Presented by Dr. A. W. Alcock, Marine Survey Department. 
Cerargyrite in quartz, from Santa Gertiude’s Mine, Pachnec, State of Hidalgo, Mexico, 

Presented by O L. Fraser, Indian Museum. 
Specimen of auriferous sand and washed gold, from the Sonapet Valley, Chota Nagpur. 

Presented by Dr. F. Noetlino, Geological Survey op India. 
Eleven specimens of Rubcllite, from the Jasper mines, Shan States, Upper Burma. 

Presented by F. McBlainb, Secretary to the Financial Commissioner, 

Burma. 

Specimens of mica, from Hazaribagh, Hills north of Patiala, and Madras. 

Presented by H W. Newton. 
Ingot tin, from Pulo Brunei Smelting Works, Singapore. 

Presented by T. W. H. Hughes, Geological Survey op India. 
Alum cr>'stals, manufactured at Kalabagh, Salt Range, Punjab. 

Presented by P. N. Datta, Geologigal Survey of India. 
A sample of native copper, from Zanskar, Kashmir. 

Presented bv Tom D. LaTouche, Geological Survey of India. 


ADDITIONS TO THE LIBRARY 
From ist April to 30TH June 1890. 

TilUs of Books. Donors* 

Ball, VaUnttne. — Travels in India by Jean Baptiste Tavernier, Bai » of Auhonne. 

Translated from the original French edition of 1676, with a biographi- 
cal sketch of the author, notes, appendices, 8.C., Vols. I-II, 8® 
London, i88g. 

Bronn’s Klassen und Ordnungen des Thier-Reichs. Band VI, Abth. Ill, Reptilien, 
lief. 67-68; Band VI, Abth. IV, Vogel, lief. 28*34. 8® Leipzig, 

1890. 

FeistmaNtbl, Ottokar, — Uebersichtliche Darslcllung der Geologiscn-Palacontologis- 
chen Verhaltnisse Sud-Afrikas, Theil 1 . 4° Prag, 1889. 

The Author, 

Fritsch, Dr, Fauna der Gaskohle und der Kalksteine der Permformation 

B 5 hmens« Band 11 , heft 4» 4° ^889, 

Heilprin* Angelo*^The Bermuda Islands: a contribution to the physical history and 
zoology of the Somers Archipelago. With an examination of the struc- 
ture of cdral reefs. 8° Philadelphia, 1889. 

Hiorns, Arthur Iron and Steel Manufacture, 8° London, i88g. 

Marcou, Neocomianand Chalk of Arkansas.- 8® Pam, Cambridge, Mass. 

1889. The Author. 

*9 
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TttUsif Books. Donors. 

Marcou, G^ologues et la G^logie du Jura jusqu* en 1870. 8** Pam. Lona. 

Ifr^aunier, ibSg. The Author, 

„ The Meso2oic series of New Mexico. 8° Pam Cambridge. Mass. 1889, 

The Author. 

„ The Tnassjc Flora of Richmond, Virginia. Pam. Cambridge, 

Mass. i8go. The Author, 

Fal^mtotogie Fran^aisc. Terrains Tertiaires, feoc^ne, livr. 19 j a**s^rie, V^g^taux, feph^ 
dr^es, livr. 42. 8® Pans, 1890. 

Shufelot, R . IV.—Remarks upon extinct Mammals of United States 8® Pam. Chi- 
cago, 1889. The Author, 

Stbinmann, Gustav, and Dodprlbin, £wi/w<g.—Elemente dcr Palaonlologie Halfie 
II. 8® Leipzig, 1890. The Authors. 

The Norwegian North-Atlaniic Expedition, 1876—1878. XIX, Zoolog>, Aciinida by 
1). C. Danielbsen, 4® Christiania, iSgo, 

Editorial Commission, N. N. Atlantic Expedition. 
Tryon, George IV,--Manual of Conchokigy. Continued by H. A. Pilsbry. Vol. XI, 
pts. 4 and 4rt, and 2nd senes, Vol. V, pt. 4. 8® Philadelphia, i8yo. 


PERIODICALS, SERIALS, &c. 

Amencan Journal of Science, 3rd series, Vol, XXXIX, Nos. 231 to 233. 8® New 
Haven, 1890, Thp Editors 

American Naturalist. Vol. XXI 1 1 , Nos. 274-275 and Vol. XXIV, 278-280. 8° 
Philadelphia, 1889-1890, 

Annalen der Physik und Chemie. Neue Folge.^Band XXXIX, Nos. 3-4 and XL, No. 
I. 8® Leipzig, i8^. 

Annales des Sciences Naturelles. 7“* s6rie, Botanique, Tome XI, No, i. 8° Paris, 
1890. 

Annals and Magazine of Natural History. 6th senes, Vol. V, Nos. 28-30, 8® London, 
1890. 

Athenaeum. Nos. 3255-3266, 4® London, 1890. 

Beiblatter zu den Annalen der Ph)sik und Chemie. Band XIV, Nos. 3-4. 8® Leipzig^ 
1890. 

Chemical News. Vol LXI, No. 1581-1592. 4® London, 1890, 

Colliery Guardian. Vol. LIX, Nos. 1524-1535. Fol, London, 1890. 

Geological Magazine. New series. Decade III, Vol. VII. Nos. 4-6. 8® London, 
1S90. 

Indian Engineering. Vol. VII, Nos. 13-25. Fisc. Calcutta, i8yo. P. Doyle. 

Iron. Vol, XXXV, Nos. 896-907. FoL London, 1890. 

London, Edinburgh and Dublin Philosophical Magazine and Journal of $cicnce. 5th 
seriesi Vol. XXIX, Nos, 179-181. 8® London, 1890. 

Mining journal. Vol. LX, Nos. 2846-2857. Fol. London, 1890. 

Nature. Vol. XLI, No. 1063 to XLH, No. 1074. 4® Londoni 1890, 

Ncues jahrbuch fur Mtncralogie, Geologic und Palacontologie. Jahrg. 1S90, Band L 
heft 2. 8® Stuttgart, 1890, 
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fitUs of Books* Donors. 

palaepntogtaphica. Band, XXXVI, lief. 4-6. 4® Stuttgart, 1890. 

petermann's Geographischq Mitlheilungcn. Band XXXVI, Nos. 3-6. 4* Gotha, 

The Editor. 

petermann’s Ceographisthe Mitlheilungcn. Supplement No. 97. 4° Gotha, 1890. 

The Editor. 

The Indian Vol. IX, Nos. 1-12. 4® Calcutta, 1890. 

Newman & Co, and J. McIntyre. 
Zoological Record for 18S8. Vol XXV. 8® London, 1890. 


GOVERNMENT SELECTIONS, REPORTS, &c. 

Bombay.— Brief sketch of the Meteorology of the Bombay Presidency in 18S8-89. Fisc. 

Bombay, 1890. Bombay Government. 

Selections from the Records of the Bombay Government. New series. 
No. 195. Fisc. Karachi, 1889. Bombay Government. 

India.— Administration report of the Marine Survey of India for the official year 1889-90. 

Fisc, Bombay, 1890. Marine Survey of India. 

„ Cyclone Memons. Part I L 8^^ Calcutta, 1890. 

Met EOROLOG icvL Reporter to Government of India. 
„ List of Civil Officers holding gazetted appointments under the Government of 
India in the Home, Legislative, Foreign, and Revenue and Agricul- 
tural Departnicnis, correaed to 1st January 1890. 8° Calcutta, 1890. 

Home Department. 

„ List of Officers m the Survey Departments^ corrected to 1st January 1890. 8° 
Calcutta, 1890. Revenue \nd Agricultural Department. 

„ Quarterly Indian Army List. New series, No. 3, S° Calcutta, 1890. 

Government of India. 

„ Selections from the Records of the Government of India, r *gn Department. 

Nos. 2O6 and 268. Fisc. Calcutta, i8go. Forfi .n Department. 
„ The India Office List for 1890, containing an actount of the services of the 
officers of the Indian Service, and other infonnalion. 8° London, 
1890. Revenue \nd Agricultural Department. 


TRANSACTIONS, PROCEEDINGS, &c., OF SOCIETIES, SURVEYS, &c. 

BaltimorB.— American Chemical Journal. Vol. XI, Nos. 6-7. 8° Baltimore, 1889. 

Johns Hopkins University. 
„ American Journal of Mathematics. Vol. XII, Nos, 1-2; and Index to 

Vols. I-X. 4° Baltimore, 18S9-189 Johns Hopkins University. 
„ American Journal of Philology. Vol. X, Nos. 2-3. 8° Baltimore, 1SS9. 

Johns Hopkins University. 
« Johns Hopkms University Circulars. Vol. VIII, No. 75, and Vol. IX, 

Nos. 77 and 79-So. 4° Baltimore, 1889-1890. 

Johns Hopkins University. 
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TUU cf BGGks* Bniuivt, 

BuTiitoRB,— Johns Hopkins Univmiiy Studies in Historlcsl end Political Sdcncc. 
Series VH, Nos, io-i2* S® BaJtimore, 1889. 

JOflUS HOWWS UMVERSfTr. 
„ Studies from the Biological Laboratory, Vol IV, Na 5, 8* Baltimore, 
1889. Johns Hofkins UNivgRsiiY, 

Basel.— Vcrhandtungen der Naturforschenden Gesellsrhaft. Theil VIII, heft 3. 

Basel, 1890. Nat. Hzstoby Socibty, Basei. 

Batavia. -^Natuurkundig Tijdschnft voor Nederlandsch^Indle. Deel XLIX. 8® 
Batavia, 18^. The Batavian Society. 

„ Notulen van het Bataviaasch Genootschap van Kunsten en Wetenschappen* 
Deel XXVII, Afl. 4. S'* Batavia, 1890. Batavian Society. 

„ Tijdschrift voor indische Taai»Land-en Volkenkunde. Deel XXXIII, Afl. 

5 ^. 8^ Batavia, 1890. Batavian Society 

Boubay.— Journal of the Bombay Natural History Society. Vol. IV, Na 3. 8® 
Bombay, 1889, The Society. 

Bordeaux.— Actes de la Soci^t 4 Linndenne de Bordeaux. 5®' s^rie, Tome IJ. 8® 
Bordeaux, 1888. The Society. 

Boston.— Proceedings of the American Academy of Arts and Sciences. New senes, 
Vol. XV, pt, 2. 8® Boston, i8B8» The Academy 

„ Proceedings of the Boston Society of Natural Hislor>. Vol. XXIV, pts. 1-2 
8® Boston, 1889 The Society. 

Brussels.— Bulletin de la Soci6t6 Royalc Beige de G^ographie. Annie XIII, No 6, and 
XIV, No. I. 8® Bruxelles, 1889-1890 The Society. 

Budapest.— Termiszetrajzi Fuzetek. Vol. XII, No. 4 8® Budapest, 1890. 

National Museum, Hungkry. 


Buenos Aires.— Anales del Museo Nacional dc Buenos Aires. Tomo MI, No. 16. 
4® Buenos Aires, 1890. 

,» Boletm de la Academia Nacional de Cienctas, Tomo X, No 3. 8® 

Buenos Aires, 1889. The Academy, 

Caen.— Bulletin delaSoditi Lmnienne de Normandie, 4*'' sine, ol 11. 8® Caen, 

1889. The Society. 
Calcutta,— Indian Museum Notes. Vol 1 , No. 3. 8® Calcutta, 1890. 

Indian Museum, 

„ journal of the Asiatic Society of Bengal New series, Vol. LVII, pt. 11 , 
Na 51 Vol, LIX, pt, I, Nos i-2, pt. 11, No. i, and Supplement No i. 
8® Calcutta, 1890. The Society. 

„ Proceedings of the Astatic Society of Bengal. Nos. 1 * 1 1 , 8® Calcutta, 

1890. Th| Society. 

„ Memoirs of the Geological Survey of India. Vol. XXIV,J pt. 3. 8 ® 

Calcutta, 1890* Geological Survei^ op India. 

„ Records of the Geological Survey of India. Vol, XXlII,^pt. 3 . 8® 
Calcutta, 1690. Geological SuRVEy‘ op India. 

„ Survey of India Department. Notes for March to May 1890. Flsb. Calcutta, 
1890. Survey op India Department. 

Cambridge.— Proceedings of the Cambridge Philosophical Society. Vol. VII, pi. i. 

8® Cambridge, 1890. The Society, 
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Titles of Books* Donors. 

(jxMBRiDOftf MaS8»— Bulletin of the Museum of Comparative Zoology. Vol, XVI, Nos. 

7-8, and XIX, Nos. 1-3. 8^ Cambridge, Mass., 1890. 

Museum of Comparative Zoology. 

Memoirs of the Museum of Comparative Zoology. Vol. XVII, 
No. I. 4*^ Cambridge, Mass., 18^. The Museum. 

CASSBt,--*Bericht des Vercines fur Naturkunde zu Kassel. Nos. XXXIY-XXXV. 

8 ° Kassel, 1889. The Society, Cassel. 

CtNClNNATi. — Journal of the Cincinnati Society of Natural History. Vol, XII, Nos, 
2-3. 8* Cincinnati, i88g. The Society. 

CoPENHAOEE. — M^moires de V Academic Royale de Copenhague. 6“* s^rie, Vol. VI, 
No. I. 4® Copenhague, 1890. The Academy. 

„ Oversigt over det Kongelige Danske Videnskabemes Selskabs. No. 3 

(1889), No. 1 (1890). 8® Copenhagen, 1889-1890. 

Royal Academy, Copenhagen. 

Dbura Dun. — T rigonometrical Branch, Survey of India. Spirit-levelled heights, No. 5, 
Madras Presidency. Season 1888-89. 8® Dehra Dun, 1890. 

Survey op India Department. 

Dijon.— M^moires de I’ Academic des Sciences, Arts, et Belles Lettres de Dijon. 4"* 
s(rrie. Tome I. 8® Dijon, 1889. The Academy. 

Edinburgh.— Scottish Geographical Magazine. Vol. VI, Nos. 4-5. 8® Edinburgh, 
1890, The Society. 

„ Transactions of the Royal Scottish Sor’ety of Arts. Vol. XII, pt. 3. 

8® Edinburgh, 1889. The Society. 

Halle.— Kalalog dcr Bibliothek dor Kaiserlichen Leopoldinisch-Carolinischen Deuts- 
cben Akademie der Naturforscher. Lief. 2, 8® Halle, 1889. 

The Academy. 

„ Nova A.cta Academiae Caesareae Leopoldino-Carolinae Ge.manicae Naturae 
Cunosorum, Tomus LIII. 4° Haile, 1889. Vhb Academy. 

Harrisburg.— Annual report of the Geological Survey of Pennsylva.-a for 1S87. 8° 

Harrisburg, 1889. Geological Survey, Pennsylvania. 

„ Reports of the Geological Survey of Pennsylvania. P4 and Dj, 8® 

Harrisburg, 1889. Geological Survey, Pennsylvania. 

Lausanne.— Bulletin dc la Soci6t<6 Vaudoisc des Sciences Naturelles. 3“* s^rie, 
Vol. XXV, No. 100. 8® Lausanne, 1889, The Society. 

Leiden.— Sammlungcn des Geologischen Reichs- Mu scums in Leiden. Nos. i8-2v>. and 
2" senes, Band I. 8® Leiden, 1887-1890. Lkiden University. 

LiRob— A nnales de la Soci^^ G6o!ogique de Belgique. Toiri XVII, livr. 1-2. 8® 
Li^ge, 1890. Thr Society. 

Lisbon.— Communicacoes da Commissao dos Trabar ^ >s Geologicos de Portugal. Tom 

II, fasc. I. 8® Lisboa, 1889, Geological Survey, Portugal. 

Lcndoh.— J ournal of the Iron and Steel Institute. No. II, 1889. 8° London, 1889. 

The Institute. 


Journal of the Society of Arts. Vol. XXXVIII, Nos. 1947 to i 957 - ^ 
London, 1890. Th« Socirty. 
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LoNDON.-^Ptocecdings of the Royal Geographical Society. Vol. Xll, Nos. 2-5. ^ 
London, idgo. The Socibty. 

„ ’ Proceedings of the Royal Institution of Great Britain. Vol. XII, No. 83. 

With list of members for 1889. 8^ Ix}ndon, 1S89. The Institution. 

„ Proceedings of the Royal Society of London. Vol. XLVI, No. 285, and 
XLVII, Nos. 286-288. 8* London, 1890. The Society. 

„ Quarterly Journal of the Geological Society. Vol. XLVI, No. 181. 8® 
London, 1890. The Society. 

„ Report of the 59th meeting of the British Association for the Advancement 
of Science. 8® London, i8go. 

Madras. — Government Central Museum, Madras. Notes on the Pearl and Chank 
fisheries and Marine Fauna of the Gulf of Manaar. By Edgar 
Thurston. S'* Madras, 1890. Govt. Central Museum. 

Madrid.— Boletin de la Sociedad Geografica de Madrid. Tomo XXVIII, Nos. 1-3. 

8^ Madrid, 1890. The Society. 

Manchester.— Transactions of the Manchester Geological Society, Vol. XX, 
pts. 16-17. Manchester, 1890. The Society. 

Melbourne.— The Gold-fields of Victoria. Reports of the Mining Registrars for the 
quarter ending 31st December 1889. Fisc. Melbourne, 1890. 

Mining Department, Victoria. 

Montreal.— Annual report of the Geological and Natural History Survey of Canada. 
New series, Vol. Ill, pts. 1-2, and maps. 8° Montreal, 1889. 

Geol. and Natural Hist. Survey op Canada. 

Naples.— Rcndiconto dell’ Accademia delle Scienze Fibiche e Matematiche. Serie 11, 
Vol. Ill, fasc, I-I2. 4® Napoh, 1889. The Academy, 

Newcastlb-on-Tynb.— Transactions of the North of England Institute of Mining and 
Mechanical Engineers. Vol. XXXVIII, pts. 4-5. 8® Newcastlc-on- 
Tyne, 1890. The Institute. 

New York.— Annals of the New York Academy of Sciences. Vol. IV, No. 12. 8*^ 
New York, 1889. The Academy. 

Transactions erf the New York Academy of Sciences. Vob VIU, 
Nos. 5-8. 8° New York, 1888-1889, The Academy. 

Paris.— Annalcs des Mines. 8*”“ s£ric. Tome XVI, livr. 5-0. 8*^ Paris, iSSq. 

Department of Mines. 


Bulletin de la Society de G^rap^ie. 7"* s6ric, Tome X, No. 4. 8® Paris, 
” 1889. Thi$ Society. 

Compte Rendu dcs Stances dc la Soci^t6 de Gdographie. No^ S-10. 8® 
” Pans. 1890. ^ THfitSuciBxv. 

Bulletin de la Socifetd Gfologique dc France. 3”* s^rie. Tome XVj, No. 11; 
” XVII, No. 9, and XVIll, No. i. 8® Paris, 1889-1890. . 

Tub Soctarv. 

Mdmoire^ de la Socid^ Acadcinique Indo-Chinoise de France. Tome I. 4° 
[gyg. SocilrB AcAolMiaOB iNDO-Cmsoisa. 
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'liiltt of Books. Donors. 

Paris.— M^ittoircs pour servir b. I’cxplication dc la carle g^dogique d6taill6e de la 
rrance. L'Ardcnne, par }. Gosselet. 4° Paris, 1888. 

MlNISTj;:RE DBS TrAVAUX PUBLICS. 

^ Minist^r^ dcs Travaux Publics. Carte Gtologique d6tailI6e de la France et 
Topographies Souterraines. 8*^ Paris, 1889. 

Ministere des Travaux Publics, 
Philadelphia.— Journal of the Franklin Institute. 3rd senes, Vol. XCIX, Nos. 3-5. 

Philadelphia, i8go Tub Institute. 

Proceedings of the Academy of Natural Sciences. Part III, 1889. 8® 
Philadelphia, 1890. The Academy. 

,, Proceedings of the American Philosophical Society. Vol. XXVI, 

No. 130. 8“ Philadelphia, 1889. The Society. 

Pisa.— Atti della Societa Toscana di Scienzi Naluiah. Memorie. Vol. IX. 8® Pisa, 

1888. The Society. 

„ Atti della Societa Toscana di Scienzl Naturah. Processi Vcrbali. Vol VI, pp. 

105-140, and VTl, pp. 21-80. Pisa, 1888- 1S90, 

The Society. 

Home.— Atti della HtuI* Accademn dci Lincci. Sene IV, Rendiconti, Vol. Vl,Semcs- 
tre 1 , fasc. 1-7. 8® Roma, 1890. The Academy. 

Sacramento,— Annual report of the State Mineralogist, California State Mining 
Bureau, lor the )ear ending December ist, 1889. 8® Sacramento, 
1890, California State Mining Bureau. 

Salem,— Bulletin of the Essex Institute. Vol. XXI. Nos 7 9. 8® Salem, 1889. 

The Institute. 

SisOAPORB.— Journal of the Straits Branch of the Roval Asiatic Society, No, 20. 8® 

Singapore, 1889. The Society. 

S, Paulo.— B olctim da Commissao Geographica e Geologica da Prov ncia de S Paulo. 

Nos. 1-3. 8*^ S. Paulo, 1SS9. Gtoo, and Geol. C ^ mm , S. P\ulo. 
St. Petersburg. - M^moires de P Academic imperiale dts Sciences, . ome XXXVII, 
Nos. 2-5. 4® St. Pdtersbourg, 1889-1890. The Academy. 

Sydney.— Annual report of the Department of Mines, New South Wales, for 188S and 

1889. Fisc. Sydney, 1889-1890. Depi. of Mikes, N. S. Wales. 

„ Proceedings of the Li nncan Society of New South Wales. 2nd series, Vol, 
IV, pt. 4. 8° Sydney, 1890. The Society. 

„ Eecords of the Australian Museum. Vol. I, Nos. 1-2. S" SjdncN, 1890. 

The Museum. 


„ Records of the Geological Survey of New' South Wales. V jI. I, pts. 2-3. 8® 
Sydney, 1889-1890. Geol. Survey op N. S. Wales. 

'foRONTO««*-Aiinttal report of the Canadian Institul. session iS88-Sg, 8® Toronto, 
i33g^ The iNsniuTE, 

„ Proceedings of the Canadian Institute. 3rd series, Vol. Vll, No. i. 8® 
^ Toronto, 1889. The Institute. 

Turin.— A tti della R, Accadetnia delle Scienze. Vol. XXV, disp. 3-10. S® Toronto, 
1889-90. The Academy, 
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ViBVNA — Abhandliingen der k. k. geologischen Rcichsanst;dt. Band XIH, Abth. i. 

4® Wien, 1889. Imperiai^ Gbol. Institute. 

„ Verhandlungen der k. k. geologischen Reichsanstalt. Nos. 3-5. 8^ Wien, 1890. 

Imperial Qboju Institute, 
rt‘ Annalen dcs k, k, Naturhistonschen Hofmuseums. Band IV» No, 1. 8® 
Wien, 1889. Naturhistoriscbb Hopmuseums. 

Washington,— Bulletin of the U. S. Geological Survey* Nos. 48-53. 8® Washington, 
1888-1889. United States Cbol, Survey. 

„ Monographs of the U. S. Geological SiiiAey. Vols. XIII and XIV 

with folio atlas. 4® and fol. VVashington, 1888. 

United States Geol. .Survey. 

„ Seventh annual report of the United States Geological Survey* 

1885-80. Washington, i 883 - United States Geol. Survey. 

„ Bulletin of the United States National Museum. Nos* 33-37, 8® 

Washington, 1889. The Museum* 

„ Proceedings of the United Slates National Museum. Vols. X-XI. 8® 

Washington, 1888-1889, United States National Museum. 

„ Smithsonian Contributions to Knowledge. No. 673. 4® Washington, 

1889. Smithsonian Institute. 

„ United States Department of Agriculture. Divi*iion of Economic Orni- 

thology and Mammalogy. Bulletin 1. 8° Washington, 1889. 

United States Department of Agriculture. 

„ United States Department of Agriculture, Division of Ornithology 

and Mammalogy. North Amcncan Fauna. Nos. 1-2. 8® Washing- 

ton, 1889. United States Department op Agriculture 
Yokohama — Mittheilungen dcr Deutschen Gesellschaft fur Natur un Volkerkundc 
Ostasiens. Heft 43. Fisc. Yokohama, 1890. 

The Society, Yokohama. 

„ Transactions of the Seisroological Society of Japan, Vol. XIV. 8® 
Yokohama, 1889. The Society. 

York. — Annual report of the Yorkshire Philosophical Society for 1889. York, 1890 

The Society. 


MAPS. 

Carte Gdologique ddtaill^e de la France, ex^cut^c sur la carte topographique de 
rfetat-Major par le service g^ologiquc des mines, publi^e pa|r le Ministfere 
des Travaux Publics. Sheets 1-3. 8-11, I4"*5* *8, i9i * 4 » ^ 9 * 

34» 35» 43t 44^4^. 48, $0-52, 61, 63, 67-6^ 73, 78, 79, 82, 84, 87, 88, 931 
9Sf 96, 99. 107-111, 113, 115, 122, 124, 126, 132-139, 143, 148* 15^ 

159* 160, 166, 167, 174. i 75» *78, 180, 184* iSSt *88, 191, l97» 

210, 213 bis, 214-217, 222, 225 bis, 228, 229, 234, 235, ^37l and 248. 
Maps. Paris, 1873-1889, 

MlNISTlkRR DES TRAVA^K PURttCS- 

liih July i8go. 
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RECORDS 


ERRATA. 

VIOIPS OP THB GEOLOOICiL SuRVBV OF InDI%, VoL XXIV, P\RT 2. CUlber. 

ige 12, I2th line from top, /dr Adatoda jcad Adhatoda ' 

„ 2iNt „ „ „ M « read are. 

14, in the marginal section, /or Xahaa Sandstone read Nahan Sandstone. COndi- 

I 29, Sth line from top. /dr canno tead cannot. logical 

!i 138, 4th line bottom, /dr quantutve redt/ quantitative * 

, „ I, t» t. I* M read of. 

I IV of Index, /dr Read read Reade 

tractive 
ous de- 
{ it im- 

t -N rr o-'al ajje, 

as well as lakes awav all scope for the fosMl-hunter, .and all th-it vir ' interest which 
centres round the petrified remains of an earlier life on the earth : w cannot speak 
familiarly of a Carboniferous limestone,” nor of “ Silurian slates,” neither can we 
wander forth with hammer and chisel to any well-known locality v hence a harvest of 
paleontological specimens may be gathei ctL 

Besides this, there are no mines of economical wealth to be disclosed. There is 
neither gold in the streams, nor copper nor lead in the lime- 
Stone : there is a dearth of useful minerals, with a trifling 
exception, as there is a dearth of fossils. 

At first sight, then, it is difficult to imagine what the geologist ran find to Svay of a 
district so barren and unfruitful : and I must caution the reader at the outset that 
hftre will be found no idyllic geological romHiice. If he wishes to know what is 
concealed beneath the bright verdure of young mi>antain grass, dotted with the 
sombre oak, rhododendron, and cypress, he must sit down to a mental exercise such 
as chess hr a mathematical problem. 

Nearly every visitor to Naim Tal knows that, roughly speaking, there is a differ- 
ence between the rock forming each side of the lake ; ikat 
thfe wer^dofined.^ limestone on the rugged Ayarpata side and slate 

(locally called shale) on the gently sloping Government 
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House side. A little more inquiry would (each him that this broad distinction k 
not evei^nnrhere carried out. A certain amount of slate will be found associated witfa 
the limestone on the south-west side» whilst a few outlying patches of limestone will 
be found covering the slate on the north-east side. Without going into details here 
as to cf^rtain other variations which occur, 1 may briefly state that there is a definite 
geological pattern, more or less concealed at ibe surface, set out before us as our 
study, the salient points of which are represented in the geological map of the settle- 
ment It is this pattern->-lhis inlaid-work of di&erent rocks — that we must understand, 
and if the reader has the patience to accompany me in a few rambles over these hills 
with other objects than picnicking, I hope at the conclusion to make him as familiar 
with the mechanism of the earth's crust here, as a watch-maker is familiar with that 
of a time-piece. He will be able tq see faulted boundaries qnd natur^ boundaries 
as clearly portrayed on the surface of the earth as if the hill-sides themselves were 
painted different colours, and thus he will find that the chaotic rock pattern of the 
hills is not accidental, but has a real meaning in the growth and development of the 
mountain area. 

In this country, where the lamp of pure science burns feebly, or not at all, there 
are perhaps but few who on coming to Naini Tal are able to look upon the land- 
scape with a geological eye, but few who see in the surrounding hills and valleys 
any harmony of compo^ion and structure other than that of a ptclorial kind. For 
the rest, Dcopata is one peak an^ Ayaipata anoihex, whilst the difFeront gteus, valleys, 
and lams are each themselves and nothing more. All latent bonds of structure and 
origin, all the hidden processes of constant change that are ever altering the face of 
the $ccne»are, I am afraid, as unnoticed to-day as if Six Charles L^ell had never lived 
or written his “ Principles of Geology.” 1 hope in the following sketch to draw some 
little attention to this (airly int(eresiing theme : perchance here and there ma> be 
found some few discijples of this last-boyn of the sciences for whom the matter may 
not be unpalatable^ 

Coming to the practical questioju as to, what geology li^s to say regarding the 
safety and permanence pf th^e stolon and its communications, f hope to be better 
understood ; though on such a subject one is necessarily tpngne-ticd to a considerable 
extent. Ever since the disastrous landslips of i88o, the Naini public has been 
somewhat agitated as to the probability of further landslips, whilst const, derable con- 
fusion has boon introduced into the ^ubicct by having occurred now on 

this side, anjd now on t^at side of the ai\d apparently of state and Kniestone 
irrespectively. Now it would not do for me blacken a bouse-holdqr a prospects 
by proscribing as dangorpua any pa^cula^ sitp ip, Naini T^al. Hoyjevei; tpuch I 
might bo ablp to ^o SO# ^ should bring a shower of abn#e upon tpy ^eljf were I tp 
coloujT 4 map of t^e stajt,ion«shewing all the dangerous localities. Attd t|berc 
would be very little difficulty in sp doing. It i;j iperely o pyobJe® ^ 

factors such ap composftipn of the rock, its whole or shattered* pondilipj^, the Wglp 
of ilie hill slope, the angle of dip or cleavage, and the rebljons, these ^foui; Capfors 
hold to, one another. J 

Nevertheless, \ sbajl, on ppint on^ broadly the dlfi^erence between a safe 
slope and a dangerous sjbope; and give a few geupral principles whereby each resi- 
dent ipjiyr be able to, see ^ ^n^elf ^bmher biji sU^ is, safe pr not. 
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Grologt. 

Section from Kathgodam to Naini TaL 

III ftddf^toitig myself lo the geology of Naini Tal— ihc foundations of the subject 
Bhabar deposits. ^ slicak— I think U will be well to describe actual excur- 
sions along definite directions in and around Naini Tal. We 
Will begin lhercfore> is all must who come to this summer resort » with the line of 
country between KathgOdam, the terminus of the Rohilkund and Kamaon Railway, 
And Naini Tal. tven before reaching Kathgodam there is much to be learnt regard- 
ing the features of the country. We may know by the peculiar lalK>uring of the 
railway carriages that We are not crossing what looks like a vpst plain, but are really 
ascending an liicHne of about 5d feet a mile, which is abruptly terminated as we can 
sec from the carriage windows by the long blue and purple line of the Himalaya 
rising shc^r and steeply out of it. This incline, over which the line runs, is known as 
the Bhdbaf. It is a vety gently sloping deposit of gravels, with occasional sand and 
clay beds, the outpouring during recent times of the various ri\ers and streams which 
drain soulhwal*ds fhj'ri the Himalayan range. Year by year as the annual monsoon 
bursts upon the steep slopes of the hills, more and more detntal material is carried dow n 
by the uniting of rills, torrents, streams and rivers, and is deposited at the foot of the 
hills when the speed of the streams and rivers is slackened by the gentle Slope of 
the country. Perhaps nowhere in the world can we get a belter insight into the pro- 
fesses by which geological strata are accumulated than along the mountain-foot of the 
Himalaya. This elevateil belt of Bhdbar gravels which girdles the whole length of 
the southern foot of the Himalaya is the great spoil-bank, the result of the disinte- 
gration of the mountains by water action. As we get a nearer view of these mountains, 
we sec great rifts in their sides, that is to say, the gorges and ravines, w^hence the 
excavations have been made by the water to supply the gravels of *i s Bhibar zone. 
Having once realised this aspect of change and instability in the gt. ‘’ogical features 
before tis, and seen how the Bh^ibar zone is enriched with material at the expense of 
the Himalaya, we shall be in a position lo understand what powerful agent of 
change denudation is in this elevated mountainous tract subject lo about loo inches 
of rainfall every year. 

But ih most cases thi^ dcniulation, except when viewed in this large way, is al- 
most invisible to tts. Nearly all the glens whose mouths open towards the plains 
arc coveted densely ivlth a forest of Sdl and other trees. Only very seldom do bare 
hill-sidea Scored by rainfall and torrents meet our view. One sn< h case is, however, 
very noticeable, a little east of Kathgodam as we begin the journey up to Naini Tal. 
A‘ Very fApid tveatbering of the edges of the StTs^a is there taking place so that 
^egeUdiori can keep no hold On the Slope, and undergrowth and forest alike have 
^ad to fall. At fhe base of this wound in the face of the hill, we may see a yearly 
accumulaiing detrital fan, VVhich, in a semi-lrquid condition, moves during the rains 
like a gfacief over the flatter country to the south, and is a source of much damage 
to the canals in the vicinity. Other places near Naini Tal where the indiviHual 
J>roce8se5 of denudation can be studied, especially during the monsoon, will be 
»i^entioncd in their place in this paper. I here wish merely to draw attention to the 
that immense denudation of Ih^ Sub-Himalaya takes place, as evinced by the 
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Bhi(bai deposits and their ever-changing oonditi<mi» vHhoat, save ta mte case# 
leaving palpable ir.uca behind them on the parent hills, whose rounded forms* 
iovered ^tih luxuriant foiest, undoubtedly at first sight suggest that rest, strength' 
ami fivit> proverbialh . but erroneously ascribed to all naounta/nsM 

li i<! certainh the case that ven much more erosion takes place m these Sub- 
HiinaJava, than in the outer Himalaya, »nd still more than takes place m the legions 
ot perpetual snow , but the impression On any one visiting these parts Is the very 
reverse. Bare precipices and jagged rock are the rule of course, when the limit of 
vegetation is passed at about i2,oua feet above the sea* while day and night from 
diiferent causes the hill->ides resound with the crash of falling blocks as they 
crumble from toUvrin^ pinrncles or charge down the terminal moraine of a meltrag 
glacier. This antagonism ot impression and fact is not introduced here as a 
paradox, but rather as an illustration ot the magnitude and importance of those 
generally noiseless and invisible forces —denudation by water action — as compared 
with the mori. striking phenomena effected by frost and snow. 

With these general rcrarrks on the Biidbir deposits, let us turn our attention to 
the section before us, A noticeable orographical feature ot 
Sub Hima lyan rocks. Sub-Himal ivan rocks on which we first tread is the 

absence of that subsidiary aiul distinct range of hills, which commonly first breiks 
the monotony ot the plains, namely, the Siwaliks, and which is cluiactcnstically 
riispUved south ot the Debra Dun As we journey from Kathgodam to Nairn fal, 
we cross no such rancre ot hills running parallel to a still higher range , nor are 
there any other well-marked surface features di'>tmgmshing the ) onager tertiary 
rocks from the older slates and limestone of Kami Til proper AH is welded into 
one ntarlv homogeiic nis range with secondary spurs running out to the plains 
This is an unfortunate accident so far as our section is concerned, from an illustrative 
point of view, and it will iliLreforC be necessary to diverge in imagination trom the line 
of our section in order to understand the typical aspect of the Sub-Himalayan 
zone. 

Away west, along the edge of the hills, in the neighbourhood of Rimnagar and 
K^ldg-irh, wc first beenn to see a longitudinal subsidiary range to w hic h the name 
Siwahk may be given geologica’ly' though no such name is known to the natives. 
As soon as this lange begins to set m, we sec that it is the accompaniment of two 
younger lock stages of the Sub-flimalavan system, namely, the Upper Siwalik 
conglomerate and the middle Siwalik sand-rock stages As 1 have written fully on 
this subject m a memoir just published,^ I shall only make a passing inference to it 
here, in order to bnng out the connection between the present Bhibar deposits and 
the Older Sub-Himalayan deposits of our section. 

The meaning of the wor# Siwalik— the track of Siva, the destroy ci^shews tivat 
even by the nauves of this country in a former age the aspect of dis|urbarjcc and 
contortion visible m the rocks of that range had been vividly apprehended. And this 
IS ihe first aspect it is necessary to notice here, for in this respect, and m only, does 
Its geological structure differ from that of the Bhabar zone. At a comparatively late 
gtdii gical time, but before man’s appearance on the earth, the Siwahk conglomerate 
lay flat and undisturbed at the foot of a H malayan land almost precisely the same 
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in its general features as that which now exists. The Siwalik conglomerate was then 
in fact the Bb4bar deposits of its day; since which time it has been elevated and 
marked off from a newer Bhdbar that at once began to form, and has acquired those 
corrugations of its strata in lines parallel to the higher hills, which by superstition 
were credited to the action of Siva, and by science are recognised as due to the 
lateral crumpling of the earth’s crust. 

But the section before us, between Kalhgodam and Naini Tal, is devoid of these 
, two rock stages of the Sub-Himal iva. The whole of the 

Xhc a ait SA labyrinthine tract of S^l-covered hills, between the Hh-ibar 

2 one and the neighbourhood of Douglas Dale, is composed of the lowest member of 
the Siwalik series, namely, the Nahan sandstone. It takes its name from the town 
of Nahan, where our pioneer of systematic geological work in the Himalaya, Mr. 
Medlicott, first described it; and when once seen, in Us full thickness of several 
thousand feet, its massiveness, its freedom from local variations, and its general 
character as a rather soft but eminently workable micaceous sandstone, of ochre or 


greenish-brown lints, there is no possibility of mistaking it, not only from one end of 
the Himalaya to the other, which is no mean distance, hut even further, as it circles 
round about our noid* *'rost frontier' on the one hand, or Burma on ilic other. 

Notwithstanding its great thickness, and the majestic fold bent back upon itself 
into which it is thrown, as illustrated in section I, I have shewn elsewhere in my 
memoir that its apparent oneness with the greater Himctla}a is misleading Though 
now as much a part ot ihc Naini Tal ranee (geographically 1 as it is j.)Ossible to 
conceive, it is really but a comparative!) modern addition to the Him day i as a whole. 
To be clear in our conception ol it we must regard it as once having lain flat and 
monotonous, as the country around Bareilly, at the foot of a Himahyan range not 
very different in its main features from what we now sec; and as having then been 
hardened by age and sujxinncurabcnt strata, and svnchronouslv upheaved and 
w'eldcd to form but one piece with the range of older bills. 

Thus just as the Siwalik conglomerate found west of our section but an ancient 
Bhihar country that has been upheaved folded and incorporated with the parent 
Hitnala)'U to the north, so the Nahan sandstone and shales a.c but a ctill more 
ancient Tarai country that has suftered in a like manner save that its incorporation is 
more complete and assured. 

Our first excursion therefore, whether by tonga road or liy bridle path, takes us 
inevitably across this Nahan zone, the hisiorv of which I have bn»"(ly summed up. 
For tnore complete information 1 icfcr the reader to my memoir. 

At Joli Kot, a little south of Douglas dale, where the cart-'oa 1 after a divergence 
up the Nalcna R-, emerges to a tail view of the white 
main^boundary houses of Nami Tal, the Nahan zone is left behind. In a 
moment w'c cross the great laaster-faiilt of the south edge of 
the Himalaya, called the mam-boundary fault, which divides these Nahans from the 
older rocks ; but the actual line ot this hiatus in the geological structure of the 
cemntry is not marked by any prominent suifacc feature. This line is one that can 
only he found with great care and patience, and wc must not expect the moss- 
covered rocks in the cuttings to tell their tale uninvited ; for indeed a very practised 
oye and hand are requisite to ilclcrminc whore the Nahan rocks end, and the older 
Himalayan rocks begin. 



at& 


ttetords tkt Geot^ical Survey of Jhdi». [vot. XXlfk 


Limestone and slates. 


For a consideniibfe distance^ Ibe rodt xu>nk of the maia-boaiidary k a v^ry nuscK 
decomposed trap» k decomposed on tl>e surface of the road 
as to greatly resemble the Nabaa sandstone,^ Nothing but a 
specimen dug from the very heart oi the cu^gs and subjected to mkroscDpIcal 
ejcanunation will fully reveal that we have crossed thembiconand that we are now on 
Himalayan as distinguished from Sub-Himalayau foniMUion& 

For a bttle over a mile "this trap continues^ and we then enter oa the purple, grey> and 
sometimes caibonaceotiia slates, which, with the superincum- 
bent dark blue-grey limestone, occupy so much of the nearer 
ranges in this and other parts of the Himalaya, and here too the my&tery of thesoasoic 
formations must begin to strike us. Not a trace of a fossil has ever been found in thesa. 
Were we in Wales, or some of the western counties oi England, we couM weU imagine 
these slates, grits, and calcareous bands to contain trilolites, graptolkes, pr moUua^ 
ca, such as are so familiar there in. the great Silurian and Cambrian systems* And 
as for the massive limestone, we should ceriamly be tempted to regard it as the 
moontam-Jimestone of the northern counties and be prepared to find it crowded wuh 
marine fossils^ In this aspect, then, the contrast between these Himalayan rocka 
and those in England of a similar composition is very noticeable^ There is no 
room for doubt that both sets of strata were accumulated slowly in a fairly deep sea, 
at some period in the world's history : indeed geology would be no science at aU 
were it possible to call this conclusion in question. Ibat being so, there are three 
courses of belief open to us : we may believe that they represent deposit^ formed 
before the dawn of life on the earth, or that they were formed under some condir 
lions fatal or distasteful to living beings, or that they once contained these remains 
and that subsequent slow chemical and mechanical changes m the *ock have ob- 
literated all traces of them. Each of these theories is however beset with difficulties, 
and Himalayan geology has waited long, and must still wait before one or other 
theory can be adopted with any semblance of truth. 

Waiving this somewhat transcendental question, let us see what can be learnt as 
to the structural history of these formations m the budding of the Himalaya. On 
our line of section up from Joii Kot to the lake there is a genera} dip of the slates at 
angles between 25^ and 30^ (though often var>ing)in a northerly direction. About I 
mile south of the outlet of the lake the massive limestone, with some few hard purple 
grit bands, normally succeeds the slates. It is nevertheless certain that this though 
true is not the whole truth. At more than one point along the two or three miles 
occupied by the slates, there must be repetition by reduplication. This Is shown by 
the fact of the recurrence of outliers of tfie massive limestone at a much }ower eleva- 
tion ; and further south than that at the lower end of the la)te. The villjige of Nai- 
kana, due west about a mile from Douglas dale, is built on one of thpse outliers, 
whilst there is another small one south-east of Manora. Still more wist at Balne- 
khan the same limestone is exposed, and again at Jagueda, south of Ehurpa Tal, 
there is a continuous exposure of the limestone of full thickness and dip|>ing steeply 
south-soutb-wesL The horizontal section (Section I) will illustrate hotter than 
words the folding and faulting that haa supervened* and brought abouhthe present 
state of things. 


* in the acccirpanylng plate, Section 1 does not cross the trap. 
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We" Wtfet Hbt fWget to Hbtitt thfe’ tnle dcavilge by these slates. This 

in the states. MabW td be dverlobked, and indeed hals been overlooked 
Cteavage iirtany observers iti the Himalaya, from the fact that it ge- 

nerally coincides with the bedding. The reversed folding and fanltinghas tended to 
inrri all the fAdividilal beds of the state sefies so as to dip towards the north, which 
is the dip <rf (he! efeavagd in (his locality. A little patienCe will easily reveal the fact 
tlntt this is rtot bf eriy ifteahs tiniversal ; whilst ih some of the steeper parts of the 
Jfaffa fayihd, dtfe east of the old Gurkha barracks, fragments of slate may be picked 
up wbefe thd planes alohe afe well-developed, the bedding being feebly in- 

dicated by dideffcnt lints of grey. A remairkable condition Of the slate all over Naini 
Tal, and indeed in most parts of the Lower Himalaya, is its utter worthlessness for 
roofing purposes : there is no durability in it, as may be seen by the way it breaks 
up and crumbles anywhere near the surface of the ground. This seems to be due 
in the first place to the fact that H is never very pure; we nearly always sec the 
CofOttr of the rock changing rapidly through various shades of grey, or purple and 
greeh, aiht texture alleringf frotn g smooth, satiny-surfaced slate to an impure 
Irregularly-cteaved rock indicating sandy admixture. Every here and there bands 
6f Strong grit Or are ifiterbedded, ^hicb have still further tended to prevent 

the tock ffoth aSsUmrng the perfectly parallel foha so desirable for economical pur- 
poses. BtfC above all, the decidedly cataclastk* nature of the rock is what tells most 
igain^ ft. The cleaving forces that first made the roCk into a slate have, in this 
greatly crushed region of the Himalaya, overdone their work ; and the rock besides 
becoming cleaved has also beeO sheared, that is to say, the particles of the rock 
have not only re-arranged themselves parallel to one another to form a slate, but 
this not having given sullrcient lelief to the crusliing forces, there followed a bodily 
movement along closely packed planes of shear, and these planes of movement cross- 
ing the cleavage tftive rendered the rock liable to break up inio splinters. 

So far (ts 1 have seen, slates aic never used by the hill peoj Iv, ^or roofing pur- 
j)Oses, afnd they assuredly would be, could they be found to lak ihe place of the 
thatch or wooden roofs in this %er} ra:ny region. In those parts of the Himalaja 
where the older micaceous schists prc\ail. we constantly moc: with the chalets of 
the villagers roofed with inch-thick slabs of glistening schist, which circumstance 
shews that slate would be used for the same purpose could it be found. 

As we ascchd the last steep climb towards the lake, w’c find the massive lime- 
i^tonc gradually asserting itself, first in isolated blocks cover- 

The hrne- moss, which have slipped down from above, 

stone south »t the lako. ^ , . . , . , 

and then in lai^gcr, craggy platforms c'-t up by deep, damp 

fissures. None of the limestone so far is actually in situ, and all of it possesses a 
'tilt downwards in the direction of the hill-slope. On getting near the lower bazar, 
the massive limestone sets in with more intensity, and associated with it are some 
thick, dark, purple sandstone bands outcropping from Fairj^ Hall to Springdale. 
Much of the latter rock may be noticed built into the retaining wails and pavements 
pass through the bazar. But the limestone is all lound us, of a dark indigo 
colour outsitle, and a paler blue-grey when freshly broken. It is impossible to over- 
look it, for directly or indiregily much of the beauty of Naini Tal, and many of its 
wiost impressive features, owe themselves to it. In the first place it constitutes the 
^oor of the dam that keeps back the water of the lake; secondly, all the more rugged 
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peaks <md precipices west of the tower bmt may be mn to be coosuteted of it . 
i^hilst lastly, its rough and boocy-combed exterior* and the soil and moisture that it 
forms or attracts, have enticed a luxuriant ^owtb ^ plantSi shrubs and trees to tiike 
up their abode on it, 

Wc have now arrived in toe cool and shady valley of Naini Tal, amid a keener 
and lighter air, amid a more tcmpcmie flora of fir, oak, and rhododendron, as con- 
trasied with the heavy Imt sub-tropical climate of the s 41 -covered Sub-IIimalayan 
tract; we have gained these time-wom slopes composed of rocks that have a wide 
distribution all over the outer Himalaya, and we shall now proceed to take a few 
smaller excursions along such lines in and around the station as wilt best illustrate 
our purpose. 


Seciioft from the Lower Basar to Giwalikhet and Ayarpata. 

This line of country is well known to picnickers on iheir way to the landslips’* 

„ as they are called. After passing through the lower bazar. 

View across the valley. , ^ 

where geological observations are hampered considerably by 

the usual accompanimentb to an Indian native town, and by the noxious smells of the 
sulphur spring which issues from the rock at the lower end of the lake, we get a 
good view opposite of the southern spur of Sher-ka-danda as w'e ascend by Ihe Tarat 
distnet oihee. We see the uniform slopes about Stonelcigh composed of the slate 
senes, with a large number of loose blocks of the massive limestone still clinging to 
the surface, as remnants ot a skin or covering of the limestone that has not yet all 
been denuded away. Many of these blocks at first suggest the idea that they have 
at some period come bounding down the hill-sidc from the larger masses of the 
same limestone higher up near the crest of the ridge, three of which are very 
distinctly seen between the highest point of Sher-ka-danda and the Bleak house slip^ 
This appearance is however in a -measure deceptive, like a great many others wluch 
geology presents to us. These blocks have probably never travelled at any greit 
pace down the hill-slopc, but have gradually, inch bv inch, worked their way down 
as the underlying rock became eaten away by w'eatbenng. 

Above the larai district office the massive limestone is interbedded with much 

Swallow holes. purple gnt with subsidiary slate. At the bend in the road 

marked 6,637 f<ict bar. the purer beds of massite huiestone 
are met with again, but they shew no good evidence of dip. The country from 
this point on to Giwalikhet is very irregular and uneven, full of small hollows, 
and with lullocks of limestone thrown about as it were in a fantastic manner. 
These hollows suggest ancient “ swallow holes'* on a small scale, anfl recall many 
of the aspects of the mountain limestone country in England. In Ihe rams the 
depressions become filled anih water which cannot easily escape Ai account of 
a superficial soil of tenacious clay, very slippery to the feet, which cloches this part 
of the hill. At Giwalikhet itself there is a larger wooded hollow ^also filled m 
the rains by a small lake. I am inclined lo^think that it also is of tho** nature of a 
“ swallow hole, ’ which has had Us underground channel filled up by tniid and clay 
‘o the larger extent. 

At the south-west end of this tarn there is a slight rise as we approach the very 
awe-iuspiring precipices which have received the name 
of tlie “ landslips.” Directly beneath our feet wc look down 


The Undslto-t 
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a cHfi ot BCatp^ descending 1,000 feet, sheer, at an angle of 60*^ or 65°, Above 
us in the direction of the 7*468 feet hill we see another 1,000 feet of sheer rock at a 
gomewhnt lower angle. We have tborefore before us in profile what seems a 
perpendicular cliff* 2,000 feet high, composed of bare bedf of limestone with some 
interbedded slates and grits dipping about 30° north. 

This view down the landslips is very fine in any weather, but more especially in 
the rains when innumerable rills of water are actively at work tearing down fresh 
debris from the high naked scarp, and hurling it out of sight far below us through 
clouds of mist, to eventually repose a heterogeneous assortment of fragments on the 
low ground at the head of the Nehal N, There it accumulates, and will continue to 
do so until Ayarpata with its riven sides is no more, or until some change in the 
drainage causes it to be swept away by torrents more quickly than is the case at present. 

This scree material at the base of the scarps is well worth a visit on its own 
Scree materiah account, if lime and space permitted ; for there may be seen, 
in those great gathered heaps, 100 feet or more in thickness, 
the half-way stage in the forming of a new deposit from the wreck of an older one. 
It has not been sufTiciciiily sorted and rolled as to its constituents to be left in 
a horizontal ^ uon of gravel and sand, hut it lies in any plane on which it 

happens to fall, clothing the iiill-sides in an amorphous mass of angular fragments, 
and burying completely out of sight all the rock formations which are tn situ 
beneath. Of course it is a transitional, and therefore a very unstable formation, and 
will doubtless never be preserved m the future geological record of this part of the 
earth. Its ultimate destiny is to be much more sc* tod and rolled as it is carried 
further and further down the Nehal line of dr image to the plains. Every step 
it takes in this direction will tend to select out the coarser and the finer material 
to make the pebbles more worn and rounded, or to split and wear them down 
to powder, until finally they lie in very nearly horizontal Ia}ers of alternating sands, 
conglomerates, and clays as a new addition to the Ilhdbar deposg®* 

A small amount of calcareous tufa is forming in and among th.> scree material, 
and often lines the water channels, giving a norae to a mini- 
alure forest of maiden-hair fern in w'^ich one may walk 
ankle deep. Besides calcareous tufa, g}psum in small 
quantities is also being laid down, sonu times in the lower pans of the precipices 
themselves, but more often among the scree material* Below the site of the old 
Nehalpur bridge there are more cxicnsive beds of it which I have described 
elsewhere.^ 

Mounting from the wooded hollow of Giwalikhet by a long-since disused and 
scarcely distinguishable path, we zig /ag our way up to the 
yarpftU. picnic ground near the top of Ayarpata. On the way we 

cross a bed of trap apparently insinuated among le bedding, and above it a set 
of rocks containing a fatrly large amount of slate of grey and purple colour, also 
tlark grey grits or (juarUitcs, besides tjie ordinary massive limestone. At the picnic 
giound we can sec these rocks .striking t^with a dip of 60°) almost due east towards 
6,^69 feet bar. But a much better section of these same rocks is to be obtained by 
mturning from the picnic ground along the ridge running south-west to the 7^468 
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feet peak, half a wile aouth of Ayafpaft. The baud of twp fen pM^kr may be 
weil-Mdfed afong its mcrop ptsf aofth of r6ia peak, it 
^ may be seen to be a truly inttaslve dyke stthdugh appaf^Oy 
so pBirstle} to (be bedding ; for, near a steep Hftle pinnacle of lOck, there is a vein of 
the dark trap distinctly intruded m the fimestonc, and brcccJatingr ft. In A westerfy 
direction this thin band of trap may be traced with a Hftle ditScuhy as far as the 
Khnrpa Tal road. It is well exposed on the new mall between the KhutpaTaf road 
and Ayarpata, where it stands out as a harder mass among the softer slates and lime- 
stone. Wherever ft is clearly seen it may be noticed to be sfightlf coarser grafeed 
within than at the sides. 

Returning to the picnic ground, and ascending to the north summit of Ayarpau 
(7,721 feet), we find the ridge forming this summit to be 
composed of the limestone beds dipping south instead 
of north, that is to say. we have crossed a synclinal (see 
Section II). Bearing in mind the fact that the dip hitherto has been steadily to the 
north, through a 'vertical height of about 2,000 feet in the limc^one series, it is 
evident that the thickness of this series must slightly exceed that amount at least. 
Furthermore, from evidence gleaned here and there on the hill-sides, it may 
be made out, as shewn in the section, that the northern limb of the synclinal 
is rapidly inverted, though we cannot trace this inversion everywhere On the sleep 
nngal-covcrecl slopes north of Ayarpala. The inversion is the precursor of the fold- 
fault which marks the boundary between the fimestone and the slates, the latter 
appearing when the slope of the hill-side slackens in the neighbourhood Of Aubrey 
Villa and Emily Cottage. These slates, although appearing to overlie the limestone, 
can be recognized as really the same as those we have already examined coming 
definitely beneath the limestone in the section between Kathgodam and Naim TaL 
They agree with them in every respect petrologically, and their apparently abnormal 
position is really perfectly natural when we consider the manner in which the strata 
have been folded and faulted as exhibited in the Section, 

We Will call this fault the Ayarpata fold-fault for the Sake of future reference. 

Calculating its ** throw " from the relative thickness of the 
revarsed Synclinal we find that it averages 

at least 3,000 feet 

So far in our ascents and descents ; since leaving Giwalikhet Wc have been tra- 
^ versing over a block of strata possessing dip^ of various 

Country about Sber- ^ , . , . „ % , . 1. 

wood, Rock.house, and amounts bat With a practically uniform strike. As may be 
t of O anows indicating the dip are all turned 

west ar ei y, towards Of from one general direction and the ^amounts of 
dip are large, that is to say, from 40^ to 6 d° with transitional dips near tbe Ayarpata 
fault of all angles between those amounts, and inverted dips of fron> 6 <f to 40° 
On the bazar side of Giwalikhet, including the country about Sherwbod, Rock- 
house, and the hill-sides south and west of Clarke's Bay, the strata on me contrary 
are practically horizontal, or with a rolling dip that does not accumulate much (see 
Section I). The line of division is necessarily a fault, and' its direction is very iTell 
marked by a prominent line of gaps and hollows, extending 
from .the hollow of Giwalikhet up the stream to the north-east 
between the Rock-bouse'ridge and^the eastern slopes of Ayar- 


Giwalikhet 

fault. 


cross- 
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pata, thenca to gap near 6,969 bar., where there Is a preminent change in the 
(Jirectioa of th^ fWge lines, and thence across the lake to the Khaima road gorge, 
•fhe effect of the fault is greatest to the south-west, and scarcely marked at all on 
the nortb^casl side of the lake. For some distance the band of trap seen on the 
way up to AyarpaH follows the fault, then vanishes a little west of Rock-house, and 
does not again appear until a little west of St. I-.00 on the opposite side of the 
h^ke among slates. This fault we may call the Giwalikhet fault. 


Ayarpata to Deopata China. 

Beginuing our traverse where we left off in our last excursion, we descend by the 
landslip road, as it is called on the map, and notice the 
wll ^ difference in soil and vegetation as we cross over the Ayaxpata 
fold-fault, and enter on the slate series. On getting down 
to about the 7,000 feet level we turn through the gap in the ridge south of Butcher’s 
hill, and find ourselves once more on the limestone formation. Moreover, we can 
see that from Batcher's hill along the north-w^est side of Sleepy Hollow, towards the 
quanies, there is a regular outer- >p of limestone cutting by a cross-fault, over the 
strike of the slates to the cast. Between Butcher's hill and Deopata comes Handi- 
Bandi hill, almost inaccessible on most of its sides, on account of the great masses of 
riven rock and tangled undergrowth which encumber the slopes. Nevertheless we 
can see that both Butcher's and Handi-Bandi hills are but miniature Deopatas, 
their general structure being almost exactly the same, especially on their southern 
slopes. 

We proceed on towards Deopata, and find that the fold into which the rocks are 
thrown corresiionds exactly to the similar fold remarked on 
Deopata. Ayarpaia. The precipitous southern face is a dip 

slope of 55'’, the dip steepening slightly tow’ards the summit hen becoming 
vertical, and inverted at the great fold-fault which goes north of Ar^ ^ell and south 
of the Church. This great fold-fault is parallel to, and in its nature identical with, 
the Ayarpaia fault, and both were <loublless produced together b) one and the same 
earth movement. We will call this fault the Dcopau fcUl-fault and the cross-fault 
the Sleepy Hollow cross-fault. 

Some of the limestone forming the summit of Deopata is oolitic, the large grains 
at first suggesting fossils. The limestone ;s, however, per- 
fectly unfossiUferous. so far as all investigations have gone. 
Looking down from the cairn along the line of fault we sec, b'* reason of the verti- 
cal depth of the valley, how trenchant and important this fold-fault is, culling as it 
does, clearly and sharply through hill and hollow -’like. 

North of the Deopata fault, along the ridge towards China, we cross over very 
slightly inclined beds which express in their comparatively 
China. arrangement the great relief to the strata which accrued 

from the fault. There is a thin capping of massive limestone on the top of the ridge 
^ for as the gap, where the road goes to Kilberry, and beneath it a regular and 
broken sequence of the slate scries. Continuing straight up the ridge to China, there 

much the same thing, slates beneath dipping 10® west-south-west or thereabouts, 
a thin capping of massive limestone catching one^ point of the ridge only. 


Oolitic limestone. 
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There is, however, another band of limestone of slightly different aspect coming 
among the slates, and some way beneath the main portion of the massive limestone. 
This thin baud is exposed from the south China peak to the north China peak, in 
one line of outcrop. It is remarkable as at first appearing to be made up of very 
finely pulverised shells. Having subjected a portion of this to the microscope, I am 
able tb state that this appearance is unfounded, there being not the slightest trace of 
any structure such as a shell in what is really a finely crystalline rock The same band 
of rock is also exposed at intervals along the south west side of China, and indicates 
that a complete layer of it truncates the topmost part of the mountain, though 
the precipitous nature of the south-east side prevents identification of it in that 
position. 

There are many points of analogy between China and the '' landslips inasmuch 
as each consists of a steep scarp of bedded rocks dipping 
angles and rapidly resolving into scrce-raaterial. The 
weather-worn face of China paied down and cut into by 
water-channels with only here and there a portion left sufficiently overgrown to give 
lodgment to a few cypresses, is throughout the rainy season in a constant state of 
disintegration. The outer crust of the precipice alter becoming rotten by the soak- 
ing it has sustained crumbles away at irrcgulsir intervals, and becomes deposited as 
a talus at the bottom of the steeper part. Not seldom these small falls of rubbish 
from the high scarps may be heard many times repeated during the day. Last > ear 
(1889) a larger accumulation than usual took place along a line of cataclastic slate 
at the northern end of the lake fault, and in falling caused no small consternation to 
some of the residents in the vicinity. A scarp of this kind, however, can never 
become very dangerous. The constant shedding of small pieces of4he outer crust 
affords the necessary relief which prevents the surface from working up for a great 
land-slip properly so called. 

The head of the Naini Tal valley from its amphitheatre-like aspect, doubtless 
“Cirque" at the merits the name of “cirque," since it is walled in on three 
head of the Naini Tal sides by the Ilandi-Bandi hills, Deopata and China. From 
what I have described above with regard to the denudation 
here going on by streamlets it may be inferred that they have been suflicient to 
cause the cirque without calling in the aid of glaciers, or of underground springs.^ 


China to the Bleak House Spur. 

Leaving China behind us, and continuing down towards the rid|:e on which 
Government House stands, we find the slate sefies constant* 
Change of dip. approach Fairlight Hall, thjpre is to be 

noticed a gradual change in the direction and amount of the dip of the slates. In- 
stead of being nearly west at low aqgles it becomes more south.v\est at ^30^ and 40®, 
reaching 60'’ locally. This change produces a necessary change in the sculpturing 
of the hill-sides. The scarps die out and dip-slopes begin to take their place (see 
Section II), some of which, south of Fairlight Hall, are very steep and vtiih a convex 
outline. 


» S«e Ball, Rec. G. S. of I., Vol. XI, p. 176. 
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At Alma Lodge, in the gap south of Alma Hill, there appears a bed of trap of the 
same constitution as that found on Ayarpata. It is 20 yards 
thick, and dips with the slates 35® south-south-west. Near 
the junction with the slates it is somewhat slickensided. Most probably it is intruded 
along the bedding as in the case of the trap of Ayarpata. Since microscope sections 
reveal the identity of the two rocks, the fact of apparent bedding in the two distinct 
sets of strata is of itself sufficient to prove that the rock is not truly interbedded,but 
intrusive along the dip planes. 

As can be seen from the map, the trap dyke, as we may now call it, extends for 

^ , a considerable distance in a north-westerly direction, keep- 

Extensiun of the trap. • 1. . , .r 

mg throughout its range in the map to a uniform aspect 

and thickness. A short distance south-east of Alma Lodge the Sleepy-Hollow cross- 
fault shifts the outcrop of the trap to the south-east face of the hill-side, where it 
may be traced only with difficulty for about J mile on account of the soil and vege- 
tation which clothe the slope to a large extent. It then either vanishes according to 
the nature of its intrusion, or it is cut off by the Deopata fold-fault. Whether there 
is a subterranean connection between this final appearance of it on this side of the 
lake and its appearance on the other side it is impossible to say. 

Microscopically the trap^ is made up of plagioclase felspar, and augite, with 
alteration products hornblende and quartz, the latter filling 
lure'orthe spaces between the Other minerals. There are besides 

magnetite and a little apatite. The rock is holo-crystalline, 
and the felspars in regular crystalline forms, which are, however, changed into a 
grey, dusty-looking mineral, .through w'hich the twinning and polarisation colours 
can only be seen indistinctly. The augite is of very pale pellucid brownish- 
}elIow colour, separated into irregular groups by the invading crystals of felspar. 
It therefore is without crystallographic outline. It is much cut up by widely 
open cleavage cracks parallel to the faces of the rhombic prism. Sometimes 
there are fairly distinct pinnatoidal cleavages visible. The augite is altered here 
and there into a bright green hornblcndic or chloritic mineral faintly dichroic. The 
secondary quartz has been formed by alteration of the felspar, appearing sometimes 
interwoven with the felspar prisms at one side or end, though it also fills in spaces 
between the crysUls. The rock very much resembles the Limeri rock* No. 7-^^, 
and also one from the Bhim Tal stream j mile north of the Gola R.’ No. 

If the latter resemblance indicates contemporaneity, then the intrusive position 
of the trap in the limestone of Naini Tal indicates that the basic traps so c-Ntensively 
developed in tlie neighbourhood of Bhuwali and Bhim Tal are also of later age than 
the Naini Tal limestone— a point that was left uncertain in my last paper.* 

The rest of the way along the hill-slope tow^ards the Bleak House spur is over 
slates exposed with a slightly rolling dip averaging 30® 

Dip slope in the slatcsi. hill-side. Thus the whole of this pail of Naini 

Tal containing a great number of houses is built upon a dip slope which is so pecu- 

' The rock sections here described were ‘»liced by the Rev. T, D. Gray, M.A., Chaplain of 
^Aini Tal, and kindlv lent me for description. 

» Records G. S. of I., Vol. XXI, p. 18. 

» Ditto Vol. XXIII, p. 3 < 5 . 

* Ditto ditto p. 3a 
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liar in respect of the clean sweep that the hill-side makes down to the lake, as to 
have soggested to Mr. H« F. Blanford that it was due to the friction of a glacier. 
Later on, in this paper I shall shew reason for discarding the hypothesis that glaciers 
ever had anything to do with shaping the topography of this neighbourhood. A 
simpler explanation of this feature is to be found in the circumstance that isolated 
patches of the massive limestone are still left clinging to the surface of this dip slope, 
one at Sher-ka-danda, two more on the ridge between there and the Bleak House 
spur, and a great number of small ones (too numerous to be represented except dia- 
gramatically on the map) in the vicinity of the Bleak House spun For a strong- 
bedded formation like that of the massive limestone which, judging from these iso- 
lated fragments, once extended probably in a rugged rocky mass over the surface of 
these slates, necessarily crumbled away under the action of alternate heat and cold 
and weathering, and eventually left an almost clean swept surface behind. 

1 have previously in this paper referred to the cleavage in these slates, and the 


smashed condition in which they are frequently found. On 
Coawx Slope of debris. ^ superficial 

rubbish slightly cohering because of the calcareous tufa which is deposited among 
it, but which stilt, in the rains, sometimes partially breaks up and scatters frag- 
ments of limestone and slate down the hill slope. The surface of the slope here 
has become convex owing to this accumulation of debris, half arrested by the 
cementing influence of the carbonate of lime. It does not require the gift of pro- 
phecy to recognise this as the site of the next land-slip that Naini Tal will have to 
chronicle. For obvious reasons I do not mention the place more definitely. 

The Bleak House spur for many years has been the bug-bear of Naini Tal com • 

Bleak House s munications. It will ba seen by the map be in close 

ea ottse spur# proximity to the lake fault, and therefore within the sphere 

of the grinding and crushing which the softer rocks along the line of that fault have 
sustained. The rock, in fact, forming the Bleak House spur, has gone into pi " ; 
and partly owing to that circumstance, partly to the dip of the slate being down the 
slope, and partly to the slope being a junction slope for the massive limestone and the 
slate, it has been always in a stale of collapse kept constant by the undermining 
action of the Balia stream carrying away the fallen talus. Hence the roadway round 
it can never be stable in the raiuy months. 


Many statements have been hazarded at different times regarding the material 

TbeoetfaUfoi the lake. at the outlet of the lake ; and as a conse- 

quence a halo of mystery has unwarrantably gathered round 
(he subject Some authorities have stated that this dam consists of boulders and 
clay, the stranded moraine of a departed glacier ; others, that it is tl»c ((ubbisb of an 
old landslip, which descended from the slopes to the east; whilst pothers have 
thrown out still wilder theories on the Subject. But it is not of muc|i moment to 
examine these dfSerent errors, the result chiefly of guess-work. Th4 fact of the 
matter that beneath what is but a mere veneer of tumbled blocks in t|e bed of the 


stream, Che material is wrhat we should naturally expect, namely the rock tn stSu, 
nornmliy continued from that which forms the foundations of the k>wef bazar. As 
coloured on the map, this rock is the hard massive limestone. It crosses the head 
of the Balia ravine, and is then aepetrated by the take fault from the slate scries of 
Bleak House spur. 
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General Remarks* 

tfit OOW try to group together some of the scattered facts brought to light by 
our different excursions in and around Naini Tal. And 
regards the faults, they may be divided up as 
follows;-^ 

I, The DeopaU and Ayarpata reversed fold-fault^, with an cast and west strike, 

1, The Sleepy Holloa end Giwalikhet cros3*>faults, with a north-east or norih- 
norlh-east strike. 

j. The Lake fault. 

Doubtless in and around the limestone hills there are a great many more minor 
faults that could never be properly recognised, but those enumerated above are the 
only ones which have had any structural part to play in the architecture of this part 
of the earth’s crust. Secondly, as regards the contortion and folding of the strata 
(which are intimately connected with the faulting), we see that the whole of the area 
north of the Deopata fault, north-east of the lake fault, and south-east of the 
GiwJilikhet fault is rh’»»dy remarkable for the absence of any very striking folds. 
The lateral pressure exerted on the rocks here seems to have spent itself partly in 
the production of small irregular contortions in them and partly in cleaving them. 

In the vicinity of China, the general dip is very gentle indeed, seldom exceeding 
10®; whilst all the part north-east of the lake and south-east of the Giwalikhet 
fault has also one gentle inclination not excee<ljng 50"; and usually in a south-west 
of west-south- west direction. A slight exception occurs near the south edge of the 
limestone crags at Manora and Hill View, where there is a dip to the north at low 
angles. This area of gentle inclination of the dip planes is very markedly in con- 
trast to the two remaining areas of Ayarpata and Deopata, which have their strata 
dipping often at angles of as much as 60® with a steep and reversed synclinal near 
the Deopata and AyarpUa reversed faults respectively. 

This seems to mean that instead of the whole of the Naini Tal area yielding 
alike to the influence of the lateral crushing to which the Himalaya have been sub- 
jected, and bending in regular folds of anticlinal and synclinal, there has been vio- 
lent Dtovement only in the Ayarpata and Deopata area, whilst the rest of Nainf Tal 
has remained practically quiescent. It is plain that the great synclinal fold which 
must have been initiated somewhere about the centre of these two areas was, in the 
iirsl place, prevented from carrying the strata on the east side of the Giwalikhet 
fault with il by reason of that fault. In other words the Giwalikhet fault represents 
the line of division between the violently moving strata to the west and the more 
quiescent strata to the east. In the second place it is equally evident that the syn- 
clinal' fold was again broken along the Sleepy-hollow lault, one portion of the wave 
ping further north and resting in the position of Deopata, and the other part remaiit- 
behind in the position of Ayarpata. The final condition then came about by 
^ northern limb of the great synclinal (now divided into two by the Sleepy-hollow 
fault) becoming vertical, then inverted slightly, and then tearing a little north of the^ 
^xia of the synclinal producing the Deopata reversed fault on one side and the 
Ayarpata fault on the other. 

The connection of the lake fauh with these movemeuts fe not however at all 
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manifest. It presents certain difficulties which cannot be entered into fully here, but 
I may mention that on the whole the balance of evidence seems to shew that it is 
the tail-endjof a lateral displacement, due to a later earth-movement than any of 
the previous ones which we have considered. In my map of the Sub-Himalaya^ it 
will be seen there is a great lateral fault running down the Balia ravine, and cutting 
the Gola River at Ranibagh. It is almost certain that the Lake fault and this 
lateral displacement are the effect of one movement, and most probably that 
movement was connected wiih the upheaval of the Nahan zone of rocks at a later 
epoch than that at which the other earth-movements which we have considered took 
place. 

Viewing the folds and dislocations of the Naini Tal area in a still more general 
light, it is apparent that they represent an effort on the part of the strata to take up 
less horizontal room not only in a north and south direction, but also to a less degree 
in an east and west direction : that, in fact, there is a point situated about the position 
of the upper bazar towards which, as towards a centre, the waves of earth-movement 
have set in from north-east, south-east, and south directions. These efforts were not 
equal in all directions, the north and south effort was the most important as evi- 
denced by the two east and west gigantic reversed faults. The south-west to north- 
east effort was less important, but is seen in the gentle dip south-west of the slate 
series on the north-east side of the lake, and on the two cross faults of Sleepy Hollow 
and Giwalikhet, whilst the south-east to north-west effort is seen in the general 
north-west dip at the edge of the limestone cliff south of Stone-Cross. 

Doubtless many a visitor to Naini Tal wonders how the lake itself came here, for 
lakes in the Himalaya are not numerous ; the little cluster 

Origin of the lake, Kumaun Lakes, including, besides Na»i Tal, Bhtm 

Tal, Salh Tal, Naukuchia, and Malwa Tal, being a striking and peculiar feature of 
this part of the mountains. Ordinary ingenuity in such cases generally exhausts 
itself in an appeal either to fire or frost as a cause of the phenomenon. The deep 
little hollows in the hills are either attributed to the extinct craters of a volcano, or to the 
work of a glacier. The first of these however will most certainly not apply to Naini 
Tal, for none of the rocks in the vicinity are volcanic, nor are there any traces what- 
ever that ashes, scoriaj, or lava were ever thrown up or exuded from its placid rim. 

The glacier theory boasts more staunch adherents, and has been advocated 
by Mr. H. F. Blanford. It is a plausible enough theory on the face of it, but I have 
never been able to find a single fact to support it, neither moraines, nor roches 
moidonaksy and no trace of boulder clays or transported blocks. 

Professor V. Ball in his paper On the origin of the Kumaun lakes ® ” was similar- 
ly unable to find any proof of the glacier theory. It must be noticed, hjiwevcr, that 
his disbelief is largely centered on what he thought was a fact, namjiely, that the 
oultet of the lake was not solid, but made up of debris, such as a landslip might 
have heaped together. In other words, he thought there was no rock^bSsin such as 
could be attributed to a glacier. Mr. H. F. Blanford, on the contrary, ajtw the rem*' 
nants of a moraine in the debris which he supposed filled up the outlet of the lake 
and held to the glacier explanation on that account. 

1 have shewn earlier on in this paper that there is undoubtedly solid limestone 


' Memoir#, tl. S. of I., Vol. KXIV. pt. a. 
» Rec. G. S. of L. Vol. XI, p. 174. 



part 4.] MiddlemisS: Geological sketch (?/Naini Tal. 229 

in situ at the outlet, that in fact there is a rock basin in a sense here, but still I am 
unable on tliat account alone to lend support to the glacier hypothesis. 

I may perhaps mention here a few scratched stones set in a tough clay which I 
found at one point on the cart-road. At first sight they had a great resemblance to 
those in a true boulder-clay. Close examination shewed them to be mere imitations 
due to the movement of soil-cap over them ; for the stones were only scratched on 
their upper surfaces, parallel to the exposed slope of clay, and the scratches and 
striJB were all directed down hill. On pointing them out to Mr. R. D. Oldham, 
he, though struck with the remarkable way they mimicked ice scratches, was per- 
fectly convinced of their superficial origin due to the movement of soil-cap. 

Fascinating, therefore, as arc the volcanic and glacier hj potheses, I am afraid they 
must be relegated to that large limbo of plausible guesses which have not come true. 

But now, having thrown aside fable, is there any more ordinary means by which 
the lake could have come into being.^ And w^e must here realize that any gently- 
flowing stream in a valley would be converted into a lake by a raising of the low'er, 
or a sinking of the more central, portion of a given aiea. Now^ the lower portion 
may be elevated in a variety of ways — by land-slips, by slow “ creeping” of the soil- 
cap, or by earth-movements originating in a deeper cause. Also it must not be lest 
sight of that these three t husos may merge into c'lch other by gradations. A land- 
^Iip may be so slow as to become a “ creep, ” and a “ creep” so large and important 
as to merit the name of an earih-moveraent. The fault represented on the map east of 
ihc Balia ravine imlicates a relative movement of the rocks, bringing about a broken 
up, cataclastic condition of them along the fault, although, so far as the limestone is 
concerned, the resulting slightly displaced masses of it are big enough and sufficiently 
hel(f together in irregular stratified layers, as to still form a rock hariier that will stand 
long after the protective works constructetl at that point have crumbled to dust. 

Again, the more cenUal portion of a flat valley may be deepened in a variety of 
\va\s— by eddies, by springs from beneath, by the breaking up of sw'al low-holes, or 
by earth-movements of an opposite tendency to those just referred to. 

Let us now look at a few analogous lakes and tarns; there arc Khu'|>a Tal and 
the two little lakes on the cast side of the Balia ravine below’ the brewery, plainly 
stopped up by debris from above. They were once little valleys whose mouths 
have been slopped up by the .great rush of fiaginents bi ought down to them by 
cross-drtiinage. It does not appear, however, that Naini Tal owed ii^ formauon to 
any such cause as that. 

On the other hand, in and around Naini Tal, on the limestone, there are numer- 
ous little hollows which become lakes in wet wc'ithcr. They are genuine basms in 
the solid rock, which have become lined with a nearly impcivious ^ There can 
be little doubt, I think, that these at any rate, as 1 have before mentioned, owe their 
existence, first to swallow-holcs, or subterranean cavj.-.^s. which the rainfall of cen- 
turies has gradually made for itself by trickling <lown the joints or other fissures of the 
limestone. These might go on enlarging themselves perhaps for a considerable time, 
but sooner or later a smash would occur at the bottom of the hollow, and the pas- 
4>^gc would become partly choked up. Lei us imaginc.it again and again being 

* I pas» over all dftails regarding the shai>e, depth, of the lake as they have already 
given by Prof. V. Ball in the paper alluded to. 
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enlarged, and again and again broken down, whilst all the time the drainage area 
was also gradually but surely enlarging itself, and we see that more and more clay 
would mingle with the limestone debris at the bottom of the hollow ; until some day 
after a re-settle raent there would be a complete stoppage of the water channel, or u 
would remain smaller than was able to carry off all the water entering it. We should 
therf have a lake formed, which rising up to the lowest edge of the hollow would 
overflow, resulting in a condition similar to that of Naini Tab 

I see nothing preposterous in imagining some such origin as this for Naini Tal 
There is well-known to be a subterranean outlet above the Bull and Basin indicating 
that some water at least escapes from the lake at the present day by means of a 
fissure or swallow-hole. This escape may once have been the only outlet, which 
later had its channel broken m, or choked up, sufficient to allow the water to rise to 
its present level. 

In the same way I might take the theory of differential earth-movements, and 
shew that they may not unreasonably have had a good deal to do with the formation 
of the lake. The lines ot faults, which are numerous near the lake, arc all linesi ol 
movement, on one side of which the strata have gone up and on the othei Mde down 
A little more movement at one point either up or down would bring about the rc'- 
qiured effect ; not to mention the probability that thc^e lines of fracture, once sUrt- 
ed, would be made use of by water, and enlarged so as to become the starting 
points of swallow-holes. 

Looking at the lines of faults more closel>, we ste that there is a point mid-w iv 
between Sukha Tal and the Up[ er Bazar, and another point a quarter of a mile north, 
west of Smuggler's Rock, from each of whuh three diicctions of fisMirmg cross one 
another at pretty nearly equal angles, making two stars of fracture. The ctnire ol 
each star may well indicate a focus of movement, or point at which the main direction 
of tearing of the strata became altered and dispersed in this radiate manner. Such 
tocuses would abnosi certainly be taken advantage of by subterranean waters, pro- 
ducing under-ground erosion and subsequent falling in, sufliciont to account for the 
hollow now occupied by the lake,* 

To pursue the matter further would be unwise. The origin ot lake basins in 
nearly every part of the world in which they occur has long been recognised a.s 
crux. To my mind the difficulty is not to account for the presence of lakes in 
among the hil!s, but to account for ihcir absence over such large areas where 
some favourable opportunity one would think ought to have presented itself. 

Conditions governinc; mountain slopes. 

In considering the natural dangers to which a hill-.station may bejsubject in con- 
seq, cnce of the action of geological agenciet, may dis- 
plateau*^*rountr>^^^and everything applicable to plateau couiftry, where the 

true mountains.^ Strata are generally inclined but a few decrees from the 

horizontal, and concern ourselves solely wi^h such pheno- 
mena as may occur in an area of true mountains, where the inclination of the stiata 
IS generally severe, and where foldings, inversions, faulting, and crushing along 

* In a foot-note (p. i8i), Prof^ V. Ball suggests that the basin of Naini Tal may possibly 
be connected with some local faulting, the existence of which is implied by the sulphur spring 
at the oatfall. 
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lilies of moveittotit are common accompaniments. In such country there are no 
level ground with intervening deep ravines and winding scarps / 
jat there are a number of culminating points from which main-ridges, sidc-ridges» 
ind side-spurs, with intervening streams, streamlets, and waler-courscs grow from 
one another like the branches of a tree. 

It necessarily comes about that in a hill-station the great majority of the houses 
must be built on hill-slopes, whilst but a few can be ac- 
\ly occupy^sloi^s^^^ comraodated on the ridges, and still fewer on the comparative- 
ly rare, flat cirques” or bottoms at the valley heads. We have 
therefore to consider the safety or otherwise of s/^pes from a geological stand-point. 
Every one who has had much practical experience of mountain climbing knows 
^ by an unerring instinct when the critical angle of about 40® 

Slopes of 40 an over. been reached in ascending a hill slope. It is that angle 

u which he must begin to climb caiitioudy and guard agiinst a slip of the foot. 
Jt IS also the angle at which large fragmenu of fallen rock he in so unstable a posi- 
tion, that a touch will destroy their eqmlibriura and set them in rapid motion down- 
wards. The terminal moraine of an actively shedding glacier is generally fixed at 
about ihw angle in its npp'*- pirt, the hu idled an I jagged blocks being in a most 
pr'Cinous position. Scree material or talus, at the foot of a precipitous scarp that 
bin a state of rapid disintegration bv frost, generally begins at this angle, and then 
l;Aers gradually. A slope, with an angle of 40 therefore, or anvihing above it, must 
lonsidcred a dangerous one ur ler any circumsUnces, and should never be built 
on unless it be but a few yards in height and forming part ot a much gentler slope. 

As a matter of fact few such slopes are ever budi on, as, when not too sleep, they 
ue seldom clear of frcshly-fillen blocks, uncovered hv soil or vegetable growth ; but 
lor the sake of safety, the angle of 35° may very well be taken as the limiting angle 
subject to other condition^ noted below. 

In the other direction every slope below 25® mr be con- 

S'opus of 25 and j,idcred safe, no matter whit the structure or con ..tion of 
unier, 

the rocks, with pcrha]^^ a few rirc exceptions. 

Wc have therefore by this simple cliininilion arrived at the debatable angles 
Slopes at the debate ringing between 35^" and 25''. These are sometimes quite 

nV angles between 35*^ safe and sometimes dangerous: and they are those most 

• frcquenil) found in lull-stations in the Him\layad 

Tlie safely or not of these slopes depend on the following (i ) composition of 
the rock ; its condition wlicther vvhole or shattered ; (3) 
direction and incbnation of the divisional phi\c^ wuich pene- 
trate through the rock. Let us take these three in order. 

The coinpoaition of the rock is perhips ol least iraiion ce, and at all events 
can least he avoided, since the hill-slUion must make the best 
Rock composition. of the material on which it is built. By hr the best and 
lusting hilUsidcs in tiic Himalaya are those composed of the gneissose-granite 
micaceous schists^ so familiar at Ranikhet, Alinora, and Kahndanda flvalogarhi). 


' N’olhing is moro deceptive to any one nnuccu^tomod to deal with angles than the apparent 
of slopes. Slopes of 60® are very often described as “quite vertical/* and those of 
^ So"* as ovefhang{ng*\ An Instrument must always be used for determination, 

C 2 
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From many points of view hill-stations on these rocks possess several advantages ; 
for the rock, though stable and tough, is soft when first worked ? roads and sites for 
houses can be cut quite readily in it ; whilst the more fissile varieties afford abund- 
ance of excellent stone for such rough and ready buildings as arc required. Tlie 
soft sandstones of Nahan age, and all similar sandstones, such as the Murrec sand- 
stones, and the sandstones and shales of Kasauli and Dagshai come next in order 
of merit, but as they seldom rise about 5,000 feet they are not often likely to come 
within the sphere of a hill station.^ Next in stability is the massive limestone forma- 
tion, and all similar thick-bedded limestones and traps, which often afford very safe 
though rugged slopes. The rock as building material is, however, difficult to work, 
very absorbent of water, and sombre and unlovely to look upon. Last in order come 
all slates, shales and fissile varieties of quartzite and trap. These very seldom form 
good and trustworthy slopes, the material itself being very generally rotten, liable to 
rapid disintegration by the action of the atmosphere, and prone to become cut-back 
and to form those convex forms of slopes which are the most dangerous. In my 
wanderings in the Himalaya I have frequently seen old and new landslips of far 
greater size and destructiveness than that which occuned at Naini Tal in iSfio, but 
I have alw'ays noticed that the slipped rock has been some form of slate or cleaved 
variety of trap. 

In previous papers on the geology of the Himalaya, I have at several times 
drawn attention to the violent nature of those lateral thrusts 
Condition of the rock, and intense foldings of the strata, the concomitants of the un- 
siixie, heaval of the mountain area. It is owing to these thrusts 

and foldings that lines of movement, or thrust-planes, have 
been started in rocks of all kinds, but more especially in slates amr*fissile rocks, 
along which a brecciating. shattering, or grinding up of the rock constituents has 
taken place. The rock in the vicinity of such lines is often reduced to a powder, or 
to an aggregation of fine fragments dispersed in a pasty matrix. When water gains 
access to these planes of weakness the rock returns to its original form of soft clay 
marl, sand, or gravel ; it loses coherence with itself, and with the surrounding rock, 
and some form of slipping is inevitable. A very instructive set of local examples of 
this kind is to be seen in the neighbourhood of the Lake fault. Along this line in- 
tense grinding and crushing of the rock sides has taken place ; as witness the con- 
dition of the rock at Bleak House spur, the subsidence of the cart-road below the 
Cemetery ; the fulls of limestone which have taken place near the Smuggler's Rock, 
in part also the slip near the Temples and that of China which took place in 1889. 

All these points are points of weakness, more or less along the hn^of fracture of^ 
the lake fault, as can be seei^ by a glance at the map. 

Crushing and shattering of a rock arc however not always due to i fault. They 
frequently make their appearance in a thin-bedded or less rigid stratum in proximitv 
to a very hard, thick-bedded stratum. The slate at the position of th^ old Naini Tal 
landslip (i 880 ) is of that character, partly due to the neighbourhood of tjhc once super- 
incumbent limestone, fragments of which may still be seen in one or two places on 
the hill-sidc not far away, and partly to tlie layer of hard trap beneath^ 

* As an exception to this, associated ptrplc shales or clays when obliquely exposed 
with a dip down hill are liable to cause some trouble from the soft miry condition into which 
they get after heavy ram. 
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The third is the most important of the three factors which go to make the slopes 
Direction and inclina. between 25^^ and 35° safe Or unsafe. The divisional 

tion of the divisional planes Cutting through a rock may be either directed down 
planes in the rock. slope, or in towards the hill, or in a direction between the 

two. As a general rule, however^ on a slope of any importance, the dip is either 
down the slope or in towards the hill. 

Figs. I, II, and III are examples of dip down the slope, and fig IV is an example 
of dip in towards the hill. The first are those to be avoided, as likely to prove 
unstable and prone to slip. Of the two, the combination of dip and slope as seen 
in fig. I where the angle of dip is slightly lower than that of the slope is the more 
dangerous. This is easily seen to be due to the fact that in it the beds or layers of 
cleaved rock are cut away below, leaving a free edge which allows an upper bed to 
slide down over a lo\\er ; whereas in the case depicted in fig. II, a similar set of beds 
is shewn cut away above, leaving each bed with a fiim basis of rock below it on 
which to rest. The third example (fig. Ill) shews a combination of a steep angle of 
dip coinciding in direction with the slope. Here th^ hilbside may be considered 
structurally much safer than that of fig. II. Fiiiallv, m fig. IV, the dip is shewn 
in the opposite diicction 01 in towards the hill. This is the safest arrangement for 
all slopes fixed at the debatable angles of between 3^^^ and 25°. 

In the diagram fig. V, a b represents the slope of the hill, and the radiating lines 
represent the different angles of dip. The thin lines shew the amounts of dip which 
m combination with the slope of the hill are dangerous, whilst the thick lines shew 
the safe amounts. 

From this we see that dips between 15® and 45° in the direction of the slope 
constitute an unsafe hill-side. This may be eNpres^od differently by saving that 
when the dip varies within 15^ on one side or other of the angle of slope (taken at 
30'^), it must be considered dangerous ; and it is more dangerous when the angles of 
dip within the prescribed limits of 15^ are less than those of the angle of slope, and 
less dangerous when they arc greater. 

When the inclination of a slope varies in amount, wc have one or more convex 
or concave surfaces pre^^ented. The concave slopes, as a 
"hole. arc better thin the convex ones. In the former the 
lower part of the slope ami in the latter the upper part arc 

relatively the safer. 

It is somewhat beside the scope of this paper to consider all the dynamical and 
physical conditions which are brought about in consequence 
<na'r*‘cau'es of slipphi*g! geoioirical HruUure. Still it maj be briefly point- 

' cd out that water pla>s a very active p.irt in the actual 

starting of a landslip, and that the accumulation of surface debris, which often 
loads a hill-side with an unstable, heterogeneous mass of rubbish, is attended 
with much danger. Both tliese mediate causes are but the secondary results of an 
ultimate geological structure. For instance, a safe slope, as already defined, w^here 
Ihe dip of the strata is in towards the hill, is obviously one on w’hich water can have 
little to say, in consequence of the latter being dramcil away tow^^^d8 the centre of 
the base of the hill ; whereas an unsafe slope, as alrody defined, in which the dip is 
down hill, is on the other hand one on which water will either emerge and form lines 
of springs, lubricating the under-surfaces of the strata (when the angle of dip is less 
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than that of th^ hill slope), or else will establish a hydrostatical pressure on the layers 
of rock and tend to wedge them off (when the angle of dip is slightly greater tljan 
that of the slope). In the same way, surface accumulation of debris, though taking 
place more or less on all slopes, seldom accumulates largely on a slope with the 
dip towards the hill, save when the angle of slope is very low, and therefore safe on 
that account. But it accumulates with dire effect on a dip slope, becoming a terrible 
menace to the safety of the hill-side, when eventually, through gradukl ‘‘creeping” 
down the slope, or through cutting back of the hill-foot, it gives a bulged appearance 
to the slope such as Mr. R. D. Oldham^ has described as the forerunner of the dis- 
aster of 1880. 

It merely remains to m#*ntion cases in which falling blocks fiom a high precipice 

Fallin blocks scarp may become dangerous on account of the moment- 

um they acquire on their downward journey. These arc 
not generally of much account, and can casil> be guarded against by flat terraces 
built above the houses, or trenches dug to rerei\e them. Still a safe slope considered 
on the previous Imes of argument may sometimes become dangerous on the above 
account, and it is well to keep in mind, iheieforc, that the distance to which falling 
blocks will travel is proportional (among other conditions^ to the height from which 
they come and the angle of slope. Praclicall), it may be laid down that a block 
detached at a point on a precipice will be at rest befoie reaching a point on the slope 
below, such that a line joinmg the two makes no greatei angle with the hori/ontal 
than 35° 

Application of the following catcgoncal summary lus special reference 

above pnnciples to to Nairn Tal, and may be found of some practicil 

Naim Tal ^ 

(1) The limestone formation, as a whole, (other things being equal) is safer 

than the slate formation 

(2) The chief danger to apprehend on the limestone is the falling of loose 

blocks, or pinnacles of rock, during the rain) months. By blasting or 
knocking away any such loose blocks on slopes or precipices exceeding 
40° they may alwa) s be rendered innocuous. 

(3) Even when the hill-slope approximates to 35°, if the dip is in towards the 

hill, a limestone slope is less dangerous than one of 25*^ — 30® in the slate 
formation when the dip is down hill 

On the north-east side of the lake where the dip and cleavage of the slates 
is often coincident with the slopes, both being at about 30*^, more danger 
IS la be apprehended from slipping than anywhere else iiv the station. 
Still, even on genial slopes of this kind, there may be foiind plenty of 
local slopes of no greater angle than 25°, and these may'generally be 
pronounced safe so long as the following warnings are atlei|ded to . — 
(a) Never to build at the top of a concave, or bottom of a c|>nvex slope. 
(S) To avoid lines of spnngs when the slope exceeds 25®. 

(r) To avoid places where a brecciaiion, or great smashing^ of the strata 
has taken place along a fault or elsewhere. 

(d) To avoid as a ^consequence of (c) places where accumulations of 
surface nnttetial are tending t6 give a bulge to the hill-side. 

’ See Rec G S. of I., Vol. XHI, p. 277- 
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Note on some Fossil Indian Bird Bones, dy R, Lydekker, B.A. 

During a recent examination of the small scjies of Siwalik Bird bones preserved 
in the BiiUsh Museum, 1 have been enabled lo rictennine iwo specimens which have 
been hitherto unnamed. These are re^pectiv^^ly the distal extremity of the right 
femur, and the proximal extremuy of the corresponding bone of the opposite side, 
of a species of Pelican, which fiom their sue i r-fer to Pdecanns cauihyi} In 
woodcut I these two fragments are drawn alongside of the comidete left femur of 
the existing Pelecanus mitratusy the proximal fossil fragment being reversed. It will 



1. Posterior Aspect of the riijht temur of Pelecanus and portions of the corre- 

*tpondtn^ bone of P. caufleyt, i heart, tihial condyle, c, fibular do. 

be se^m from the figures ihrt the fossil fragments coricspond so e<actly with the 
recent bone, as to renvicr it impo'^siblc todrawain good specific di ictions between 
the tw'O. The distinctive chaiacicrs of thi^ species must, therefore «.ontinue to rest 
upon the w^cll-marked features avoided by the Upe fiagment of the ulna. 

The specimen on winch the smaller Siwalik Pelican described by Mr. Davies® as 
P, sivalrnsis was founded, having never been figured, I hive remedied this omission 
by giving a full-sized figure in woodcut 2 , in juxtaposition with the corresponding 


P*g. a. Palmar aspect of the distal extremity of the right ulna of Pitccamix sivaUfists, and 
corresponding portion of the homologous bone of /*. mtirafus J. a, palmar trochlear de- 
pression. 

* See Pal. Ind. Ser, 10, vol. iii, p, IJ7. 

* See Pal, Ind, ioc. tU. 
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portion of the ulna of the recent P. mitrahts. As stated in the original description, this 
specimen differs from the djstal exiremit) of the ulna of P. cautley i by its inferior 
dimensions, the shallowness and shortness of the palmar trochlear depression (u), as 
well as in some minor points. The close general resemblance to llie larger ulna of 
P miirdius is sufficiently appxrent from the figures 

Among the Bird bones obtained from the Karnul caves, I described and figured* 
some imperfect specimens of the tibio-tarsus and tarso-metatarsus under the 
nxme of Ibis milanoctphala From a rc-exnmination of some of these specimens 
presented to the British Museum, I find that this determination is incorrect, and thnt 



Ftg 3 Ant^*rior aspect of the distal extremities of the right hbio- tarsus snd the left tarso- 
oi Pseudotantalus Icucoccphalus \ a, bridge over groove for extensor tendons , 
b tubercle on same 

they really belong to Pscudotanialus Uucoctphalm. In figure 3,thedislxl extremities 
of the tibio-tarbus and tarso-metatarsus of a recent skeleton of this spei les arc given 
for comparison v iih the figure of the fossil bones 7 he resembhnee betw^ji^en the recent 
and fossil tarso-metatarsus is very close, but the latter being immature is rather smaller 
than the former. The figured tibio-tarsus indicates a considerably larger bird than 
the fossil tibio tarsus , the smaller fossil specimens of this bone described in the text 
agree, however, very closely ^Mth the figured recent bone, and the larger size of the 
figured fossil does not appear sufficient to indicate its specific distinctness. 

* Pal. Ind. Scr 3, vol iv pp 53, 54 


♦ 
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The Darjiling Coal between the Lisu and the Ramthi Rivers, explored 
during season iSSg*go^ by P. N. Bose, B.Sc., F.G.S., Deputy Superin- 
tendenty Geological Survey of India. {With a map.) 


I. — Preliminary. 

II. — Physical Geography. 

III. — Geology; 

IV, — Economic Geology. 


^ 1 , Principal Coal Seams 
$ 2 . Quality of the Coal. 
f 3 . Quantity. 

^ 4 . Carriage; mineral resources; labour; 
mining. 


1. — Preliminary. 

Tti March, 1849, Dr. (now Sir Joseph) Hooker noticed near Pankabari some 
coal scams “ six to twelve inches thick, very confused and distorted,” and carbo- 
naceous shales with plant fossils '‘characteristic of the Burdwan coal-fields.” No 
notice was taken of these coal-bearing rocks until 1873, when the completion of 
the Northern Bengal State Railway gave to them a new importance. Mr. F. R. 
Mallet of the Geological Survey was in that year deputed to examine the coal and 
other mineral icsourccs of the Darjiling Hill Territory. Mr. Mallet's survey 
brought to light a narrow band of coal-bearing rocks in the Sub-Himalayan range 
i'trclthing from Pankabari to Dalingkot, In the “ Memoirs of the Geological 
Survey,” Volume XI, Part I, Mr. Mallet fully discusses the workability of the coal 
seams he came across. The decision arrived at by him, which is very forcibly 
expressed in a later paper in the “ Records of the Geological Survey, is decidedly 
against the workability of the coal, so very decidedly, indeed, that, coming from one 
of the most careful observers the Survey has ever had, it was considered final. 

Mr. Mallet rightly pointed out that owing to its flakiness the coal could not be 
utilised in its natural slate, ^ and that this friable condition was due not to weather- 
ing, but to “ crushing during the period of elevation of the DamuL.* rocks,” so that 
no improvement can be cxpccletl at a distance from the surface. The Darjiling 
coal must, therefore, be arlificiall) compacted before it can be u^ed as fuel. This 
can be done in one of two wais, coking or conversion into briquettes? Mr. Mallet’s 
experiments with regard to the coking properties of the Darjiling coal were not at 
all hopeful. With regard to the conversion of the coal into patent fuel, his 

' Op, cit, X, p. 143. 

^ Some of the Lisu valley coal was tried in its natural state by Mr. North of the Bagrakot 
Tea Estate, who says in a letter to me : — 

“ . , « , It burnt very well with wood, but alone it did not. This of coursi' I put down 
to its being wet, and think better results would have been .^ot if my furnace had not been so 
large ; besides which the fire-bars were too far apart, and the coal went through.” 

With closely set firobars the coal may bo used in its natural condition, but, I think, only to 
a limited extent, and at a short distance born the coal-field, where there will be little risk of 
repeated rough handling. 

* The result of iny experiments with regard to coke-making will appear in the sequel. With 
regard to briqu$it 0 s^ Messrs. Burn & Co, very generously lent me a small Boomer press 
originally intended for pressing tea-bricks. The coal-dust with which was mixed a little bhutta 
gruel (in the proportion of i maund to a ton of coal) was pressed into hard bricks. But they 
stuck firmly to the sides of the moulds ; and as those were not hinged, the bricks could not be 
taken out without being broken* With proper moulds, the bricks, I have no doubt, could be 
got out undamaged. 
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experiments showed that it would probably be remunerative. They were, however, 
on a small scale, and yet remains to be proved/’ remarks Mr. Mallet, “whether 
this plan would answer on a commercial scale.” 

So the Darjiling coal was given up as hopeless. On the data before him, 
Mr. Mdhct could have come to no other conclusion than what he arrived at. But 
Mr, Mallet’s burvey was very general. He had time only to go up some of the 
principal streams and notice the outcrops of coal that pi esented themselves as it 
were to him. It is possible that some important ones lay hidden in the intervening 
areas between the principal streams. Indeed, when it is remembered how thick 
the jungle is where they occur, and how obscure the sections arc as a rule, such a 
thing appears highly probable. It was this probability, and the immense economic 
importance of the Darjiling coal, that led to my deputation to re-examine it last cold 
season. I made a general examination of the area between the Jit and the Tusu, 
and a fairly detailed one of that betw'ecn the Lisu and the Ramlhi, where the coal 
seams gave the best promise of success. 

I must say, when I started work, I had but little hope of finding workable coal 
The find, however, of thick seams of cakable coal in the Chiiranthi valley early m 
December appeared very promising, and it was considered desirable to ascertain 
their extent and thickness by excasaiions. The Government of Bengal was applied 
to for a grant of R2,ooo for the purpose, which the) sanctioned in March. 

The coal-ground^ being almost entirely in the Reserved Forest, is covered bv 
very thick, nearly impenetrable, trackless jungle. The exuberant undergrowth of 
creepers, and the low, matted, dark scrub jungle, especially of cane, presented Ihc 
most serious obstruction to vision and locomotion. The emanations from decom- 
posed vegetation were at times almost intolciable. I hail literally to cut down 
nearly every foot of my way ; and .clambering up the innumeiable streamlets and 
watercourses was equally slow and tedious work, To add to these natural diffi- 
culties, the Revenue Survey Map of the area, though on a sufiicicnily large scale 
(2 inches to the inilej, is neither accurate nor detailed enough for close work. 
Many streams are not marked ; those that are, it is difficult to say if they are all 
correctly laid down ; several do not certainly appear to be so. Scarcely any land- 
mark w'as available. One briillc-road passes ibrough the explored area, along the 
watershed between the Lisu and the Churanthi. But it is not on the map ; very 
likely it was not in existence when the survey was made. There are a few scattered 
hamlets north and west of the coal area ; but they are not on the map, as they mu^^t 
have sprung up since its construction. So a new map had to bo made, which is 
presented with this report. It is, I believe, fairly correct, and is on a sufficiently 
large scale to admit of details., | 

The great difficulty experienced in the supply of labour, the alipost absolute 
want of trained assistance, and the early setting in of the rains (about jjhe middle of 
April), were amongst the other hindrances to the exploration. My pipgress would 
have been still slower, but for the cordial help which 1 received from Ml. A. W. Pauh 
Deputy Commissioner of Darjiling. My grateful acknowledgments a^c due to him 
and to the neighbouring planters, especially to Mr. J. L. Lister of the Nimbang 
Cinchona Plantation, for smO(Khihg away many of my difficulties. 

^ 1 have made a number of bridle-paths which are practicable for ponies, though not 
without difficulty at places. 
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H.— Physical CiEocRAPHY. 

The coal aiea explored in detail is two nnd three-quarters of a mile in leng^th 
and about threc-eighlhs ol a nnle in breadth. It is situaied in 
Sub.IIiiiialayan range, about thiee to four miles from its 
foot. The Kamthi foims the eastern, and the Lisu the 
western boundary. The former joins the Jit, a short distance be\cnd its debou- 
chure into the plains, together forming theGhish rn^r, a tributary of the Tfstl T he 
Lisu, better known as the Lfsh in the Diiars, falls into the Tistd above rhiilbiii. 
Between the Li hU and the Ramthi, ihcic is a third ri\er called the Churanthi. It 
carries a good volume of water in the hills, but is barely traceable in the plains. All 
these rivers run in a general north-south direction across the strike of the rotks 
which usually varies between W.N.W.-K.S.K. and E.N E-\V.S.W. 

The rivers are parted from one another by narrow spurs running roughly parallel 
to them. Thus we ha\e a spur, separating tlic Lisu from the Churanthi which may 
be called the Chaiikiang spur, after the nearest village, and the Nunmati spur forms 
the watershed the Chuianthi and the Ramthi. 

The streams tributary to the three ri\ers mentioned above run in a general east- 
west direction, being parallel Ui the strike*, or culling it oblupiely. Of such stream'?, 
the most important is the Ramick Jhora. It is also called Chunkho’a,^ as lime 
used to be made here some yeais ago. The other streams having mostly no local 
names have, for convenience of reference, been denominated A, B, C, <S:c. 

Tlie coal-bearing rocks (the Damiidas), consisting mosil) of rather soft fine-grain - 

CoTifi ration of the sandstones and slat} shjlcs, form a sort of depression 
ground.^ between high escarpments of hard cjuartzitic beds belonging 

to an older svstem (the Dahngs) on the north side and 
Uiose of massive conglomeratic, Tertiary strata on the south s e. Indeed, the 
configuration of the Danuulas may almost be followed vNith V e eve. In the 
Damudas, again, spurs have been letl wlicre sandy beds picvail over the shaly. and 
as the coal is usually associated with the latter, one could tell b) standing at a conve- 
nient position, not only how the Damudjisrun, but also wlicie laigc seams of coal 
may be expected to occur, and where unproduetive rocks preponderate most. 

The depression between the Dalings and the 7 'crtiaries in wliich the Damudas 
occur is roughly parallel to the strike of the lOcks which, as ba^ been meniloned 
before, usually varies betw^ecn E.N.Pk-\\ .S.W, and W.N.W.-E.S.E. The depression 
varies greatly in depth, the Chunklioia being the ilocpcst in tb( /v^)lorod area. The 
height of the Chunkhola near the ruined limc-kiln was found to be ab^iit 700 feel 
kl>ove the sea-level, and that of the spurs on either ’ le of it about 2,500 feet. The 
coal outcrops occur at heights varying from about 700 to about 1,200 feet. 

A consequence of the comparative softness of the Damudas is the widening of 
the rivers as they enter these rocks. The Romlal in the Ramthi is the best instance 
ol such expansion. When Mr. IMallct saw the lake (16 years ago), it was very 
^cep at its lower end. It has since entirely silted up : and a white mass of sand 
and shingle occupies the place of a once fine sheet of water, 

* Strictly speaking, khola signifies valley, so that chunkfwla would mean the entire valley of 

Ramtek rivcr» 
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As might be expected from the nature of the rocks, the rivers run through deep 
gorges in the massive Tertiary conglomeratic sandstones. Vertical precipices of 
these rocks, sometimes no Ic.ss than 1,500 feet in height, tower majestically on either 
side of the rivers in awe-inspiring silence- 

The Damudas, as a consequence of their comparative softness, are cut through 
Fall of the rivers &c. anastomosing streams, streamlets, and watercourses, 
which is a distinct advantage in the tracing of the coal out- 
crops. This advantage is, however, to a very great extent neutralised by the covering 
up of the Damudas by detritus from the Dalings and the Tertiaries. The fall of the 
rivers, streams, and streamlets inci eases in the order they are named, that of the 
minor streams being the greatest. The streamlet C, for instance, a tributary of the 
Kamtek Jhora or Chunkhola, which has its source just below my head-quarters 
camp, measures about halt a mile in length. Within this length the fall is from 
about a, 500 feet to about 750 feet, that is to say, about i foot in feet. 

As a consequence of this immense fall, huge slips take place during the rains; 
to such an extent, indeed, that it is often difficult to say where the rock is in sifu, and 
where not. Consequently, the exact demarcation of the different systems of rocks 
is a matter of the greatest difficulty. The sections in the streams arc seldom continu- 
ous for any considerable distance being hidden by tains ; good outcrops of coal are 
never exposed in them. The rivers bring down huge masses of rock, some measur- 
ing 20 feet or more across, from long distances. Thus we have big boulders of 
gneiss in the Lisu and the Jft (a river a mile east of the Ramthi) very nearly 
down to their debouchure into the plains, at a distance of some eight miles from 
the parent rock. Immense “boulders carried from longer distance*^ are met with 
in the larger Himalayan rivers, such as the Tfstd and the Rangit. The “ boulders’" 
are transported not so much, I belipve, by the force of the current, as by the cut- 
ting away of the ground under them, so that they topple over and are rolled down. 

With regard to climate, the rainfall of the area is very heavy. The average of 
seven years from 1883 to 1889 at Nimbang just north of 
’ the coal-area is 194*37 inches, which is considerably greater 

than that of Darjiling. Last year the rainfall at Nimbang w’as 245*83 inches. The 
following details have been kindly supplied by Mr. J. L. Lister of the Nimbang 
Cinchona riantation : — 

Rainfall in inches. 
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The temperature decreases, and the salubrity of the clirnale increases with 
altitude* From the middle of April to about the end of May, I had my head- 
quarters camp on the highest peak of the Chankiang spur north of the ChunkhoLi, 
at an elevation of about 3,600 feet. Within that period, the temperature seldom 
rose above 80^. But, the place being exposed on all sides, and the we:,ther lather 
showery, the changes of temperature were sudden and great. For pcimanent quar- 
ters, more sheltered sites will be found on either side of the spur. 

Ill,— Geology. 

For detailed information on the geology of the district, the reader is referred to 
Mr. Mallet’s comprehensive memoir. I shall here chiefly refer to such facts as 
have been brought to light by the excavations. 

The coal-bearing rocks (the Damu<lus) consist essentially of sandstones and 
shales, the former predominating. The sandstones are 

sloM* J^d^haTes^ massivc-bccldcd, medium-grained, fcls- 

palhic, and occasionally calcareous They are never pebbly ; 
and this constitutes the most irap<jrtant point of difference between them and the 
adjacent Tertiary sandstones. False-bedding is common. Along bedding and joint 
planes, they are not unoflen seen to be thinly crusted over with carbonaceous 
matter ; but the vegetable impressions are never very distinct. The shales, as has 
been already mentioned, are subordinate to the sandstones. They are sometimes 
coarse, being sandy and micaceous, when reddish lints prevail; sometimes very 
fine and black, breaking with conchoidal fracture. They arc, as a rule, moie or less 
carbonaceous, the black shales being most so ; and it is in association with these 
that coal scams occur. 

Igneous rocks occur; indeed, would appear to be rather common. Like those 

MicaTra which 1 have described fiom Barakar and Raniganjd they 

abound in mica ^^biotiiet, and arc “ raic . raps. ’* That 
they are intrusive is shewn b) the hardening of llie sandstones, sh.<.cs, or coal in 
contact. The contact coal, as at Barakar, usually occurs in columns, which are 
dull in colour, and rudely hexagonal ; sometimes it is found to be hard and pecu- 
liarly lustrous. A good intrusive sheet of ‘^niica trap’’ is seen in the stream D, 

7 feet in thickness, just below pit No. 9. It is traceable for a short distance 
dipping with the a.ssocialed coal and following the change of strike. Other thick 
outcrops of mica trap" were observed near pit No. ii, west ol the Niiubdug- 
Bagrakot roq.d, in the Cburanlhi, and in the Nunmati stream betw'ecn the Churanthi 
and the Ramthi. From the nature of the associated strata and tlicir lie, all these 
Outcrops appear to belong to the same sheet as that in the stream D, near pit No. 9. 
If so, they mark a good horizon. The coal beds ’ contact with the mica trap*’ 
are pervaded by anastomosing veins of a reddish or brownish rock. It has a ** fel- 
silic’* look, but the specimens obtained being all much decomposed, its j)eirography 
is at present unascertainable ; and owing to the extreme obscurity of sections, I am 
doubtful about its relation to the thick sheets of “ mica trap,’' 1 may note that I 
nowhere saw the “ mica trap ” cut distinctly through the sedimeniary strata. But, 

‘ Rec., Vol. XX!, pt 4, *63, 

* The felspar being much decomposed, it is difficult to say whether the mica trap is 
Minette or Kersauton. 
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Dip, strike, &c. 


owng to the smallness of the explored area, and the wretchedness of the exposures, 
not much reliance can be placed on this negative fact. 

With regard to the age of the “ mica trap/* it must have been posterior to the 
Age of the Mica Trap of the coal-bearing rocks, at least the greater 

portion of them, and anterior to the disturbances they under- 
went, as well as to the deposition of the adjacent tertiary rocks. For the mic» 
trap, or, indeed, any other igneous rock, was nowhere found among the last-named 
rocks ; and, as has been observed before, the intrusive sheets dip with the associated 
coal and sedimentary strata, and follow their strike. 

All the rocks have been greatly disturbed. The dip is usually very high, from 

Dip strike &c 45® to near \erticality; it is seldom lower than 30®. Tlie 

* ’ strike is very inconstant. In the explored area, the usual 

strike ranges between E.N E.-W.S W. and W.N W.-E S.E., the dips pointing from 
N.N.W. to N.N E. But, sometimes, as in the Chimkhola, neai the junction of the 
stream F, and in the Lisu valley at pit i, the strike is nearly N. — S. Sharp twists 
in the strike were obser\'ed at diverse phues. There is also faulting to a great 
extent; but owing to the ground being much covered up, the faults were nowhere 
well seen, except in the case of some small ones expos^ed by excavations; and the 
course of the faults as given on the map must be taken as more or less conjectural. 

As a consequence of the disturbance which the beds have undergone, the rocks 
have been greatly crushed, the crushing cfTcct being special^ noticeable in the 
shales and the coal. The former ha\c been comerteci into extremely fragile, 
splintery slates, which break in all conceivable ducctions, and a flakiness has been 
induced in the coal, so that with the least violence it is as a rule reduced to small 
bits, if not to absolute dust. 

Mr, Mallet is inclined to correlate the Sub-IIimrdayan coal-bearing rocks with the 
Raniginj stage of the Damuda senes I have nothing to 
in^rocks.^^^ add to his discussion on this point.^ On account of the 

great crushing which the beds have undergone, the plant- 
fossils have been very badl)^ preserved, I could collect an) thing like a respectable 
number of them from only one place, pit No. 2 in the Lisu valley. They appear, 
however, to belong mostly to one genus — Veritbraria. 

On the south side, the Damudas are in contact with the Tertiary rocks. These 

^ . , consist chiefly of micaceous, felspuliic sandstones and 

Tertiary rocks , , 

conglomerates, ihe conglomerate's are coarse, sometimes 

very much so. They are best developed near tlic junction of the Tertiary and 
Damuda beds. The sandstones have usually a brownish hue : they arc^ somelimes, 
though rarely, highly ferruginous. The sandstones and conglomerates arc as a 
rule very thick-bedded, Clay beds, soraeUraes highly ferruginous, occur, but arc 
quite subordinate. These and the .sandstones arc met with below th< conglome- 
rates, that is to say, at the base of the'Tertiary system. Small pockets coal® and 


Age of the coabbear 
ing rocks. 


Tertiary rocks 


^ Op cii. p. 29, ei 

* A specimen of thiscpaf was analysed and found to contain moistore iTS^t volatile matter 
exclusive of moisture 31*88, fixed carbon 4928, and ash 1*32, It is noteworthy that the analy- 
sis of this coal agrees very closely with that of fragments found in 1837, during some boring 
operations, in Fort William, at a jlepth ot 39a feet (sec Man. Geol. of India, Vok IHi P- 77 )* 
There ran be scarcely any doubt that these fragments were derived from the Tertiary coal of 
the Sub-Himalayan range. 
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lignite are found in the sandstones, as in the Ramthi and the Jft. But no work- 
able seam of either has been found anywhere ; nor is any such seam ever likely to 
bo found.^ No fossils beyond unrecognisable vegetable remains have been found 
in these rocks. But from their lithological characters, and from the presence 
amongst them of lignite sandstones, Messrs. Medheott and Mallet concluded that 
they represent the Nahan stage of the Siwalik senes.® 

The Tertiary strata have a general north-western dip. Their strike is more 
constant than that of the Damudas, and the dip also (except sometimes at their 
junction with the latter rocks) lower and more uniform, seldom exceeding 30*^, and 
rtClciom deviating much from N.N.W. The sal-clad massive sandstones and conglo- 
merates forming craggy ridges are beautifully seen to slope with the dip, and can 
be followed with the eye to long distances. 

The Tertiary and Damuda strata both having as a rule northeily dips, the former, 

though more recent, appe ir to underlie the latter. Good con- 

The Damuda— -Icr- ^ sections are rare. As the relation of the two sets of rocks 
liary boundary. • r . , . t 

IS of immense praciic.d as well as theoretical importance, I 
shall here give in detail some facts bearing upon ii. 

Commencing with the wc'-it^inmosl pirt ot the explored area, near streamlet L, a 
tribuUiy of the Raintok jhora, a walldike bed of massivo tertiary conglomerate, is 
in contact with Daimidi shales^ and coal. The dip of both is high, about and 
points north-westward ; so that the tertixry conglomerate appears to underlie the 
Damuda sh.i.les. I had a pit dug at the junction, pu No. 20. It went down to some 
20 feet, the conglomerate and the toal-beinng locksb-ing found all the way in con- 
tact as at the surface. Here wr have very likely a reverhod fault. 

There is nothing panic ularl) noteworthy about the boundary between the streams 
Land F. Ncir the jumtion ot the latter sUCim v\ith the Raintek Jhora, the bound- 
ar) line becomes tortuous; ami tlierc is v'dso discrepancy in strike, the coal-bearing 
rocks at and '•outh of pit No. 65 sinking \ery nearly N -S., wlurca^ .. such change of 
strike was ohservalile in the abutting Teiti iry strata to the south, L . of pit No. 65, 
the boundary line runs fairly straight ncaily as fai as the Bagrakot-Nimbang road. 
The junction along a portion of it, south and south-west of pit No. ii, is well ex- 
posed. Here the Tertiarv strata have been much crush»'.d ; and they abut against 
the coal-bearing rocks in a manner which, coupled with the straightne^^s of boundary, 
gives rise to a strong .suspicion of faulting. I am inclined to think that \vc have a 
reversed fault here. 

Between the Bagrakot-Nimbang road and the Churanthi river, the boundary line 
IS far fiom straight, and the facts as revealed by excavations do not ‘^avour the idea of 
faulting. Just east of the road the Damudas ba> into the Tenianes. Further east, 
tl)e coal of pit No. 7, at the junction of slieams D and 1 )\ distinctly pa‘‘ses under 
Tertiary conglomerates catui sandstones. The jnt betw ccn Nos. 7 and 39 went through 
some 30 feet of the latter rocks; below these coal was struck, which, I have hardly 
any doubt, belongs to the same scam as that exposed m pit No. 7. The seam, 

* It Is nc*c 6 ssary to <‘Tnpha'»i 7 c* this. Owing probably to the proximity of the Tcrtcancs 
to the Duars and the Terai, more notice has I find been taken by the planters of these pockets 
of Tertiary lignite than of the seams of Damuda coal. 

* "Mem./’ Vob XI, pt i, p 50 

' 1 must say, no fossils were found here. But the shales and the associated coaf have an 
'Unmistakably Damuda facies. 
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which is exposed by a number of pits between and 41, passes, when (raced south- 
ward, at 39, under Tertiary conglomerates. There is just a skin of these about 39; 
but they increase rapidly in thickness southward. From the sections in the pit 39 
and that between it and 7, the Tertiarics are seen to rest upon a very uneven surface 
of the coahbeds ; the latter had been denuded out into hollows before the former 
were deposited. There would also appear to be diversity of strike. The sections 
here suggest simple unconformable superposition. East of 39, the boundary line 
runs fairly straight as ftir as the Churanthi river. Here the Damudas bay into the 
Tertiary beds in such a manner as to leave little doubt concerning the unconformable 
superposition of the latter. Some coal of rather good qu.dity was obtained by digging 
through the Tertiary sandstones by the side of the stream M (a feeder of the Churantln), 
which I am inclined to think belongs to the seam exposed in pit No. 7, or to that 
jubt north-east of it. The Tertiary conglomerates and conglomeratic sandstones in 
the intervening area were found too thick and too hard to settle this important point 
by digging's. Two or three borings here will be of great practical and theoretical 
interest. The ground east of the Churanthi was not explored in such detail as that 
to the west of it; and the boundary line being more or less conjectural is drawn 
fairly straight as far as the Ramthi. I have no doubt that, with more detailed ex- 
ploration, the Damudas will be found to bay into the Tciliarios at places. 

It will be seen, from what has been said above, that the boundary line between 
the Tertiaries and the Damudas, though it appears fairly straight on a small «cilp 
map, is sometimes very crooked. There is faulting at places ; but the facts not(d 
above do not favour the idea of the entire boundary being a fault. This conclusion 
appears to be in accordance with thru arrived at by Mr. Medhcoil m the North- 
Western Himalayas, who believes the junction between the Tertiaiici and the older 
rocks there to be “ pnman!) a line of original contact.” 

On the north side the Damudas are in contact with the Dalings, The junction is 

The Dalin much covered up, more so than that with the Tertianes just 

treated of ; and the Ixmndary line being for the greater port 
more or less conjectural may not be quite so straight as shewn on the map. In the 
Chunkhola the junction is fairly well seen in (he streams B, (", D. C. 1 ose to it the 
Dalings consist of impure limestones and of slates which are parti) ferruginous and 
partly carbonaceous. The latter have a small percentage of carbon, one of (he sam- 
ples anal)SC(l shewing only 5*2 j>er cent, of fixed carbon. The carbonaceous slates 
occur in association with thin folia? of white quartz; and the rock may be called 
carbonaceous quartz schist. This schist is usually well developed near the junc- 
tion . Further north, silvery slates, quartzites, &c , occur. The limestone mentioned 
above occurs just at the junction. It is poor in lime, as the followiig analysis by 


Mr. P. Lake will shew : — [ 

r 

Si Oj) and in^lubles . . , ^53**0 

Fe2 O2 and M) Oj • 2 45 

CaO '2377 

MO *70 

CO, 1865 

H, O *58 


99a 
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The Damudas and the Dalings both dipping northward, the former, though more 
recent, have the appearance of underlying the latter. This 
^******^" ^ appearance is rendered llie more deceptive owing to the uni- 
formity of dip (both in amount and direction) presented by 
both of these scries, and owing to the occasional lithological similarity of some of 
their constituents. As a rule, however, and especially away from the junction, the 
petrological contrast between the two series is marked, and when the boundary is 
not covered by talus, it is not difficult to deraarcAtL it. The Dalmgs arc, as a rule, 
far more advanced in metamorphism than the Damudas. 

With regard to the boundary bctw'ccn the Damudas and the Dalings, it may be 
partly, like the Damuda-Tcrtiary boundary, a reversed fiuH. As, however, but few 
excavations were made along the former, the observations regarding it are not of 
such a satisfactory character as those relating to the latter. 

The presence of carbonaceous beds in the Dalings probably indicates that 
estuarine and terrestrial conditions hid already set in during 
Baling epoch. These conditions certainly prevailed 
during the Damuda epoch and the Tertiary period, when 
there were laid dowj* wUibonaceous shales, coal, and false-bedded sandstones in the 
former, and coarse conglomerates, ligniiiterous sandstones, &c., in the latter. 
Indeed, the same conditions appear to have lasted up to the present day. 


IV.— Economic Geology. 


Thei Churanthi 
Valley. 


§/. Principal Coal Sea ms > 

The ground immediately to the cast of the Kahmpong-Bagrakot road was 
explored in greater detail than any other portion of the Darned area. I shall, 
therefore, start with a description of it. 

At pit No. 7, there is exposed a good seam of cod 16 feet in thickness. It has 
a high norih-eastcrn dip amounting to It rests upon 

fine micaceous, more or less carbonaceous, arenaceous 
shales about 8 feet in thickness. Below these shales, a 
thick outcrop of coal is exposed in the streamlet I at first took it to belong to 
a distinct seam ; but by diggings it was found to be only the 16 feet seam sharply 
twisted back. On the north side, this seam is faulted against another, about 6 feet 
in thickness, resting upon shales about 4 feet thuk, and dipping nearly vertical in a 
south-western direction. Eastward, a pit along the stnko (between Nos. 7 and 39) 
disclosed what 1 believe to be the 16 feet scam coal under some 30 feet cf conglo- 
meratic Tertiary sandstones. Further ea'^t. these s> t..c!stoues were found too thick 
to attempt diggings. The 6 feet seam which is faulted against the i6 feet seam in 
pit 7 was traced by diggings for a short distance westward, after which its course in 
that direction was found to be cut olT by a fault. 

Sixty-two feet north of the scam last mentioned there is a thick seam resting 
'ipon sandstones. It was traced through pits 75, bj, 43 » 42 » 4 *. and 39, almost 
continuously for about 340 feel. From the sections in pits 41, 42» and 43, it is 
^Ound to be about 24 feet in thickness. The dip is norlh'-eastern and varies from 
40** to 45®. Near 75, the strike takes a twist and changes from nearly N.W.-SJE. 

1 ) 
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to NJE»<S.W. The seam is traced down to the stream D, near which there is In 
all likelihood a minor fault* South of the stream D, we have a good seam exposed 
by pits 22 and 6. In pit 6, it is about 17 feet in thickness and rests upon slmles 
with inter-bedded thin coal. The dip varies from to 55* in amount^ and from 
N.N.Vy. to N.W* in direction. I believe the seam is identical with the 7S’“39 seam.* 
The former was traced to pit No. 87. Proceeding south-west along the strike, we 
have a good seam exposed by pits 38 and 51. The trench at 38 cutting the strike 
very obliquely, the thickness of the seam is doubtful. It cannot, however, be 
much less than 25 feet; and, like the seam 6-87, I believe it is identical with 75-39, 
in which case, we have got this seam traced for a distance of some 800 feet, without 
any diminution of its thickne«?s- 

The last-mentioned scam is superposed by sandstones which are fairly well seen 
in the stream D, Several minor coal seams and sheets of “ mica trap"’ arc found in 
these. Just below pit 9, a thick sheet of the mica trap is met with. It is overlaid 
by coal which extends with but little interruption to pit No. 8 for a distance of about 
8 d feet. Of this coal, that in immediate contact with the mica trap is worthless as 
fuel being very hard and columnar; further beyond, in pits 9, 21, and 8 a seam of 
coal of inferior quality is exposed, averaging about 18 feet in thickness. Similar coal 
is exposed in pits 10, 45, and 27 by the stream DD^ ; it is very likely the continua- 
tion of the 8-9 seam. In fact, 1 believe, it is continued to the Churanthi as shewn 
on the map. 

The coal of No. 9 is parted from a scam of good coal (pit *04) by a few feet of 
shales. This coal is about 5 feet in thickness, dips N.W. 45®, and is overlaid by 
sandstones. There can be scarcely any doubt that it is this coal which is caught in 
pit No. 46, where the thickness is about 7 feet. It is probably conilnued through 
pit 28 to the Churanthi (pit 105)* In the last-named pit, however, the coal is of 
inconsiderable thickness. 

A seam of good coal is exposed in pits 47, 48, and 49, of which the thickness in 
pit 48 is 8 feet, and in pit 49 is 9 feet. It would probably be found to run parallel 
with the last-mentioned seam at least to some distance westward- 

The coal of pit No. 7 as well as of the scam 75 — 39, traced along the strike east- 
ward, passes under thick Tertiary rocks. By the stream M, close to its junction with 
the Churanthi, there was disclosed some good coal in pit 95, which, I am inclined 
to think, is identical either with the coal of pit No. 7, or with tlrnt of the scam 75 — 39. 
The Tertiary rocks in the intervening ground were found too thick to attempt any 
excavations : two or three borings would settle the question of the identity satisfac- 
torily. In the meantime I may give the reasons which led me to bcliete in it. 

First . — There is a thick outcrop of mica trap, 300 feel north of pit ^0. 95, which 
seems to be the same as that found in the stream D below pit 9 ; for it is overlaid 
by altered coal and other rocks similar to those superposed on it in il|Je stream just 
named. The relative position of the coal of No. 7 or of No. 75 with itegard to the 
mica trap is the same as that of No. 95. ( 

Secondly . — The strike wluch all these rocks have when last seen noar pat No. 39 
would bring them to the position occupied by them between the streaia M and the 
Churanthi. 

’ That is to say, the seam lying between pits 75 and 39. For the sake of brevity, I shall 
refer to seams m this way. 
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Between the Churanihi and the Nunmati slreatn, the ground is much covered 

Damthi Valiev explored in detail. Some diggings were 

made by the last-mentioned stream. A trench at 93 exposed 
the following section in descending order : — 

S' anthricitised hard coat — Dip N- 50 ^ 

4' intrusive sheet of mica trap (?) 

6 ' altered hard coal. 

12' good coal. 

11^ coal^ partly altered, partly shaly. 

Shales more or less carbonaceous. 


As the strilte between the Churanthi and the Nunmati stream (a feeder of the 
Ramthi river) is very steady, being E.— W., I am inclined to believe that the coal of 
No. 93 is the same as that of 95 by the stream M. 

Further up the Nunmati stream, several seams of coal, more or less worthless as 
fuel, and intrusive sheets of mica trap (?) are met with, until near pit 91, where 
thick sandstones are met with. At pit 91, there is a seam of good coal about 6 feet 
in thickness, dipping N.— 10— E. * 45 ''- 

Ea^t of the Nunmati stream the trend of the strike changes from nearly E. — W. to 
E. N. PI — W, S. VV. by the stream R, and to nearly N, — S. by the stream P, where the 
dip at pit 33 is westerly. This pit exposes a seam of rather good coal 10 feet thick 
dipping 70° W, Below it there is another seam of indifferent coal (pit 32) about 7 
feet in thickness. In pit 30. by the Ramthi, there are two seams, of which the upper 
IS 10 feet in thickness, and the lower vanes from 2 to 5 feet. The dip is western. 

Going back to the Bagrakot-Kahmpong road, we find about 160 feet west of it, 
near pn ii, a thick sheet of mica trap overlaid by columnar 

The Chunkhola, Otherwise altered coal. I am stiongly inclined to think 

that it is identical with the thick sheet mentioned above as occurring in the stream D 
below pit 9, There are indications here of the mica trap being . ■ Itcd against 
the Tertiary conglomerates. 

Proceeding along the strike westward, the mica trap is traceable for a short 
distance south-west of pit 62. Further beyond, the ground near the junction is 
much covered up, and there i** nothing spcually noieworth) south of the Ramtek 
stream until we come to pit 65. The section heie in descending order is as 
follows 

Micaceous sandy shales. 

*7' Rood ) 0 i E N E. 30- 

25 sandy shales . } ^ ^ 


30* good coal. 
Sandstones. 


Din K N,E. 


Taking the average dip of the lower seam, which is higher than that of the upper, 
50°, we get its thickness to be 22-8 feet. The thickness of the upper seam, if the 
dip (<30®) of the underlying shales be taken, is 13I feet. Both of these seams were 
traced northward to the Ramtek river where they arc lost, probably cut oft by a fault. 
Southward they were traced to the stream F, where they either pass under, or are 
faulted against, the Tertiary rocks, the question being left unsettled owing to the 
difficulty of sinking pits in these. The actual length over which the seams are 
‘raced is 340 feeU 
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The sandstones underlying the lower of the two seams Just mentioned have a 
very high eastern dip bordering upon verticality. They are seen for a short distance 
west of the cokc«kiln where they are faulted against coal-seams, carbonaceous shales, 
Ac., running with a very different strike (nearly E.-W,), The ground is much 
cover^ up by debris of Tertiary conglomerates, and is, besides, confused by faulting 
and contortion. By ripping it open several thick seams of excellent coal were ex- 
posed. Just by the stream F, at pit 25, a very thick seam is exposed. In a trench 
dug nearly across the strike its outcrop measured no less than 40 feet. Taking the 
average dip at 50°, its thickness would be 30 feet. Westward, the ground was not 
sufficiently well opened up to enable me to say with certainty how it ran in that 
direction ; and its relation to the seam just north-west of it is very doubtful. Possibly 
the two seams are identical, one being slightly shifted from the other by faulting. 
Eastward, the seam of pit 25 is faulted against the sandstones underlying the bottom 
coal of pit 65. 

A trench across strike at pit 36 exposed the following section in descending 
order : — 

22* good coal (lower part somewhat stony). Dtp N.-io-E. to N.-ioW., 40°. 

16' shales. 

29' good coal. Dip N. 45°. 

Shales* 

The thickness of the upper of these two seams is about 1 5 feet, and that of the 
lower seam about 20 feet. 

Both of these seams agree very closely with those exposed cast of the coke-kiln 
in thickness and quality as well as in the fact of their l)eing parted by shales. 1 think 
it highly probable that the seams of pit 65 have been brought to the position they 
occupy in section 36, first by a iwfst in the strike south of the stream F, and then by 
faulting. 

The upper seam of pit 36 is much cohered up by debris of Tertiary rocks. 
Digging through these to a depth of some 20 feet, it was seen to be apparently 
faulted against another seam of excellent coal, which at pit 56 dips E.S.E. 50°. The 
thickness of the latter seam is about 17 feet. Il is continued westward to pit 3s, 
where a twist in the strike takes place, the dip changing to E.N.E. 55® The thickness 
as measured here is slightly greater amounting to about 20 feet. It is apparently 
faulted against another seam of hard, altered coal, below which we have some ex- 
cellent coal, about 13 feet thick, resting upon sandstones and dipping E.S.E. This 
coal is, 1 believe, continued to pit 13 at the junction of the stream F and the Chun- 
khola. 

The ground just described (containing pits 65, 25, 36, 56, 35, and I3) is very rich 
in excellent coal-seams. On the data available, any attempt to identify them with 
the seams exposed between the Kalimpong-Bagrakot road and the Cbiranlhi would 
lead to too much speculation, which I have tried to avoid. I may, however, just 
observ’e that a thick outcrop of mica trap occurs between pit 54 and Ae junction of 
the stream K with the Ramtek river. If it be permissible ta identify it with the 
mica trap near pit 1 1 by the Bagrakot-Ktdimpong road, then the seams exposed 
tin pit 65 may be identical whh the coal-seam in pit 38* 

South-wea of tlie stream F, there is notnirg specially noteworthy until we get 
to the stream L. Between its junction with the Rumtek river and pit 20, there were 
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This ground, however, was not explored in 


found indications of good coal-seams. 
sniHcient detail. 

Going back to the Bagrakot-Kalimpong road, we find some 400 feet west of the 
Kuli huts a rather promising seam exposed by pit 5. It is about 14 feet in thickness, 
and dtps E.-i<^N Southward, the ground being much covered up. it could be 
traced but for a short disunce. There arc indications of coal near pit 61, but none 
of respectaible thickness was encountered. The dip here is also eastern. But at 
pits 62 and 1 1 the beds of altered coal (mostly columnar) are inclined N N W I 
am inclined to think that a line of fault runs between pita 61 and 62, and extends 
to some distance westward, probably as far as the junction of the stream II with 
the Chunkhola. There is very Hkely another line of fault running along the spur, 
dividing Chunkhola from the Churanthi valley; for the rocks on cither side of ii 
present great discordance both as regards strike and lithology. On the Bagrakot- 
Kalimpong road and east of it the dip is north-western ; whereas west of the road it 

varies from E 18 N to N.E. : and the seams occurring west of the road that 

of pit 5, for instance— are not to be found cast of it. 

Proceeding westward from pits 5 and 61 we have in pits 68 and 34 indications 
of good coal, Fnnh' r west there occurs in pit 29 an excellent seam. The sec- 
tion here is as follows (in descending order) : — 


Shales. 

2' good coaU 
g'' shales. 

14' 3" good coaL 
Blackish carbonaceous shales. 


The dip is E.N.E. 45° Taking this dip. the thickness of the lower seam 
comes to about io| feet. Lower down the streamlet in which pit ’9 lies, another 
seam of good coal was exposed by diggings (pit No. 53). It h a thickness of 
about 6 feet, and strikes nearly E, — W. 

Proceeding ^^estward, some very good coal was exposed by diggings by the 
stream G (pits 6g and 59). A cross cut at 69 exposed the following section (in 
descending order); — 

i' coal. 

1' 3" shales. 

38' 9" coal dip N. to N.— 10— W. 65^ 

V carbonaceous black shales, 

3' grey sandy shales. 

3' carbonaceous, oily, black shales. Dip N So^. 

Sandstones* 

H the amount of the dip be reliable, the thickness of the main seam comes to 
^0 l^ss than 35 feet. As regards the quality of the coal, it has a very strong resem- 
hlance to that of pit 29 ; and the strike which the latter has w'ould bring it to the 
position occupied by the former. 

Just west of the junction of the stream G, with the Ramtek river, there is an 
outcrop of good coal (pit 55) about 14 feet in thickness, resting upon thin, splinteiy 
carbonaceous shales, with interbedded thin seams of coal, dipping N. 45®. The scam 
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was traced for a short distance westward. Higher up the stream G, north of pit 69^ 
there is a thin seam of good coal (3' 6^) resting upon shales, and dipping about so'* 

N,^6— W. 

By the stream H, and the footpath just east of it, there are indications of several 
promising seams. But the ground is so extremely covered up that they could not 
be traced far on either side of it. The section by the stream exposed by a cross 
cut, pit 85 (*>., a trench across strike), is as follows (in descending order) ; — 

<7* id coal^ dip 45°. 

27' sandstones* 

8' black carbonaceous shales, 
b. 4' good coaL 

8' shales. > Dip 45® N. to N, — 10 — W. 
r, 11' good coal, ^ 

Shales. 

8c/ shales, sandstones, and coal, not well exposed, 
d, ii' coal. 

From the steadiness of the strike between the streams G and H, I have but 
little doubt that the seams h and c of the above sections with some of the associaitd 
carbonaceous shales represent the thick seam of pit 69 ; and that the seam a re- 
presents the thin seam above pit 69, though the former is immensely thicker than 
the latter. 

At pit 99 by the footpath just east of the stream H, a good seam about 8 feet 
thick is exposed, which I am inclined to connect with the coal of pit 100 presently 
to be mentioned. 

The strike continues very steady for some distance westward. By the footpath 
just east of the stream C, there are several exposures of good coal. At pit No. 90, 
we have the following section 

9' coaL 

1' shales. 

2* coaL 

Below pit 90 occur shales with thin seams of coal until we come to pit 100, 
where there is a rather promising seam of which the exposed thickness is no less 
than 10 feet. I am inclined to consider the latter as identical with the coal of pit 99 
east of the stream H. 

With regard to the coal of pit 90, it very likely represents the seam d of the 
section at pit 85. The higher seams of this section arc, I believe, ca|ight in pit 79 
further west by a footpath cas* of the stream B. Here the section is fs follows (in 
descending order): — 

97' reddish sandy shales with thin coal, 

a. 19' coal, 

4' shales. 

b, zV good coal. 

Hard reddish shales. 

The dip varies in amcrltnt from 35^ to 55% and in direction from N, to N.N.W. 

The thickness of the seam b in this section^ taking the average dip at 45 ^ 
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found to be 19*8 feet. Together with seam a its thickness would be very nearly that 
of the thick seam of the stream G (pit 69), with which I am strongly inclined to 
identify it 

proceeding further west along the strike, some seams were exposed by excava- 
tion by the stream A. None of them appears to be very promising, and if they 
represent any of the seams mentioned above (as from the strike they appear to do, 
at least in part), they must do so in a considerably attenuated form. 

At the forest boundary dividing Chunkhola from the Lisu valley the ground is 

The Li5u Valley. covered up. The few outcrops seen here are all of 

worthless coal. West of the forest boundary, indications of 
good coal were found by the stream N. at pit 14 and the one abo\e it. In the 
former, the seam is 7 feet thick, <lipping N. — 15 — W., and in the latter, the scam 
is 7 feet 6 inches in thickness, dipping 35° N.— 10 — W, The strike of these as 
well as of the outcrops at pits 15 and 16, is the same as that prevailing east of the 
forest boundary in pits 70, 74, <&c. 

Further west, the strike changes probably by a twist, the dip in the pits 4, 82, 
17, and 18 west of the stream R being north-eastern The section exposed by pit 
4 is as follows (in detrending order) : — 


Carbonaceous shales with thin scams of coal. 
4’ coaU 'v 

i' carbonaceous shales, f Dip 25 ' E.N.E. 

4' coal, ) 

Sandstones. 


The seam exposed by pit 18 is 5 feet 6 inches in thickness: and the coal ap- 
pears to be very good. The seams in pits 17 and 82 were not well exposed ; and 
their thickness is doubtful. From the strike it seems to me probable that the coal 
of the pits 4, 82, 17, and iS represents rcs]>ccii\ely ibu of the pitb * , 107, 15, and 
x6. 

Further west, the ground is so covered up by detritus from the Dalings, that 
very little rock is seen in .sUu, There arc, however, indications of excellent coal 
in pits I, 2, and 3. The section exposed by pit i (in descending order) is as 
follows : — 

9" good coal, 

3' 3" black carbonaceous shales. 

4' samistone. 

5' black carbonaceous shales. 
h,^\' 10** coal, 

5* 3" black carbonaceous shale. 

The dip is high about 65'’ to 80', pointing E. to E.N.E. The scam a was 
tracfd for some lOO feet northward, where a fault appears to .separate it from the 
seams of pits 2 and 3. In pit 2, a seam of excellent C04I, 3 feet 6 inches in thick- 
ticss, is observed inierbedded with micaceous* sandy shales, which >iclded a large 
number of fairly-preserved fossils mostly belonging, however, to one genus^ nrA- 
l>raria. The scam in pit 3 is about z feet 9 inches m tliickness ; it is very likely 
identical with that of pit 2. The dip of both is high (about 50^^) N. W. to N.N.W. 
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The following is a tabular summary of the principal coal-seams not less than 

Tabular Summarr * in thickness, leaving out those which have been too 
highly altered by contact with igneous rocks 



1 


lacngth 




Averaire 

ot s(Am 


Scam (indicated by piU) 

Uip. 

thitkness in 

artilally 

Remarks. 



feet 

uaced in 





teet. 


(I)— SupKBioR C oal (Claris- 





fiS A \ND B) ' 





l,^^kurantht and Ramtkt 





ValUys 





(i) 19 — 4 i- 43 — 43 ~<io 

40° to 55° N b. 

32 

800 

This seam is very likely con- 

- 7 S-«>- 38 -si 

to N.W 



tinned to next pit under 

(2) Near pit 95 (close to |unc- 




Tertiary 'ronglomcratic 
sandstones which cover the 

tion ot stream M with 

N N F 



intervenintr ground 

the Churanthi) . 

(3) 93 . a a . 

? 

... 

1 his coal IS probably con- 
tinuod to next pit. 

SO® N. 1 

17*5 


Part of this coal is of infer- 





u>i quality Ihis seam is 
possibly continued to scam 

(ja) 

(4) 33— (Stream P, a feeder 

45° N — lo—F 

6 


4 

Proliably identical mth 
scam (5 b) 

ofthcRamthii 

7d VV 

9 4 



(5) 7— (Two scams faulted) , 

7o°NNP toNT 

22 (totil 

200 

Very likely continued to 


(16 feet stam) 
b W (ft ktt 
scam) 

45 NW to 
NNF 

35° to 50’ N to 

thickncas) 


near pit 95. 

(5<i) 104—46—38—105 a , 

( 55 ) 47 - 43—49 . 

5 ? 

85 

1,650 

825 



NNF* 


ll.-^Ckunkhola 





(6) 65— (Upper seam) 

30° F N F 

« 3 S 1 

340 

Thes<" scams are possibly 

(7) 65— (Lower bcdm) 

50 E N.E 

5«" N 

228 ) 

identical with thoM next 
named 


( 8 ) 35 . . 

30 ^ 


This is probably identical 
with lower seam of next 
pit. 


(9) 36 (Upper scam) . 

40° N 10 r 
to N 10 W 

15 

f 300 



(10) 36 (Lower scam) 

45 " N 

20 

3 

1 

! This seam k faulted against 

(i>) 56-35. 

50° »• S F to 

185 

! 55 


55 FNF 

the one qaxt named. 

(»2) 35 * • • 

F S F 

M 

250 

(13) 5 ... 

E. 10 N. 

14 

165 

Possibly irtcntical with the 


4S"E. N. E. 


next scanlj but shifted by 
a fault. > 


(14) 29 

(15) 59-69-85—79 t’) 

12 

i 660? 

1 

Probably cbntinued to next 
seam. Th* thieknc^s given 
here is th^laggiegate tnick* 
ness ol tto seams parted 
by 9 mclufi 0! shales. 


45" to 65® 

N to N N W 

»7 W 

>.8iS 



(l6) Id (Stream G, above 





fK))— 85 (uppermost 
seam) . . » 

45® to 50® 
N,toN. N W. 

5 ? 

500 



* VtcU h/ra, pp. 
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Seam (Indicated by pits). 


(17) 55 — 04- 

(18) 99-^ino. 

IlL^LUu Valley. 

(19) 14—4 • 

(20) 1 • * . 

(II)-.|NFBaiO^RCOAL (Cl 

L^Ckufanihi and Kamthi 
VaUey . 

(21) 8— io~’40" 

27—103 


{«) 


97 (Nunmati stream) 
32 • • • 

30 (Two seams) « 

II,-~Chunkhola, 
h -45 • 




Length of 

Dip. 

Average 
thickness in 

seam 

actually 

tiaced 


feet. 



m feet. 

4 J"N. N. E.to 

8 

1,000 

N.N.W. 
45 '’N.N.E. to 

9 

700 

N.N.W. 


35® N. 10 W. to 
25® E.N.E. 

5*25 

75 o(’) 

65® to 80® 

E. to E.N.E. 

\ \ 

5*5 


5o°to8s°N.W. 

N.N.F. 

15 ? 

1,800 

N. 10 E. 



N.N.W. 



W. 

7 


W. 

1 3 (total 
thicRnesb). 

... 

N.N.W. 

8 



Remarks. 


The seam is very thick be- 
tween pits 40 and 45. It 
IS very likely continued to 
next pit. 

J beam of \i is orobably 
> identical with the upper 
) one ot 30. 


§ 2. Quality of the Coal 

With regard to quality, the coal may be classed under three heads as 
follows 

Class A. — Cates strongly. Percentage of ash not exceeding 16. 



1 Pit No 

1 _ 

1 

3 (LiSu V-llloy). 1 

p ♦ N- , 

(Lisu ' Ucy). 

Pit No. I. 

Moisture • • « . • 

» 4 S 4 1 

1 Percentage minus | 

472 

3*28 


1 

the moisture. ' 



Volatile matter (exclusive of moisture) 

8 P <5 ’ 

*0 37 

22*16 

20*6o 

Fixed carbon 

6396 

74S4 

60 24 i 

60 12 

Ash 

12 64 

1479 

1288 

l6'00 

Colour of ash .... 

Gray. Cakes strongijs and | 




forms a light tumid cake. 




Three samples from pits Nos. i, a, 3 in the Lisu valley were found to contain 
respectively io’64, 8 88, and i6'i2 percentage of ash. Thes samples as well 
as those from pit No. i, of which the analyses are given above, were ^rom the 
surface, and were found either not to cake or only to nter slightly. From a depth 

5 or 6 feel from the surface, the coal from all these pits was found to coke 
strongly, like the sample from pit No. 3, the analysis of which U given above. 

As far as I could judge from appearance, the coal from pits Nos. 29, 59, and 
69 belongs to this class. 

From the analyses given above, the average percentage of ash is found to be 
and the average percentage of fixed carbon, 61 *44, 

* Vide^ infra, p. 1 9. 

’ Tho analyses were made in the Survey Laboratory. 


Class B.^Cakes strongly. Percentage of ash between i 6 and 22. 
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The coal of the pits 39 , 4 I) 4*, 43» 3 ^. 65 > 3^* 3 S» J3» 55* ^ 00 , &c., in fact 

the greater portion of the coal desenhed above, appears to belong to this class. 


Class C» Does not cake. Percentage of ash between 22 and jj. 



Pit 30, Kamthl 

\ AlLf 
(SurtaLC ) 

Pit 30, Kamthi 
Valley. 
(Surface ) 

1 

Pit g. Churanthi 
Valk>. 

Moisture • • • ■ • • • ^ 

Volatile matter, exclusive of moisture • 

Fixed carbon j 

Ash ... ...» 

'80 

788 

58’ 12 

33 20 

I 60 

10*40 

61*76 

26 24 

1 S76 

<5984 

24*40 

1 

[ 100*00 

100 00 

100 00 

Colour of ash ■ « . . . . j 

i Dark brown. 

1 

1 Light red 

Dark brown. 


To this class belongs the coal of pits 8, ai, lo 45, 40, 27, 103, m the Churanthi valley, 97, 
32 in the Ramthi valley ; 1 1 , 12, 54 the Chunkhola. 

In the following table the Darjiling coal (Class A and B) is compared with 
the Raniganj coal * — 



j ^ 1 <rU carbon. 

1 

j Volatile 

matter lin«.liium,^ 

1 moiiituri.). 

Ash. 

Darjiling, average of 8 as3a>s 

1 ■ 

• 1 59 S6 

t 

1 2a'94 ' 

1 «7’42 

Rani^anj, average of 31 assays . 

. j 53 2 

j 30 6j 

16 17 

1 


The utilisation of the Darjiling coal depending to a great e\leiit upon its caking 
property, care was taken to lest it in the fie'd in earthen kahn, as well as on a 
larger scale in kilns. Throe kilns w^ere put up, one on the saddle separating the 
Churanthi valle> from the ChiinkhoU, another m the Chunkhola, and tlie third in the 
Leeshkhola (Lisu valley). Coal fiom pit 7 was tried in the lirst, fro’^ pit 25 in the 
second, and from pits i and 3 in the thud. All of the kilns turned out good coke 
which has been pronounced by a competent authority lo be qri^c up to any made 
at Baiakar. A sample of the coke assaved in the Survey Laboratory was found to 
contain only 0-62 percent, of sulphur (o 58 per cent 'is sulphide, and o*c} per cent, 
as sulphate). 

The fact that so many of the outcrops have }ielded good coke is the most 
hopeful feature about the explored coal 

§ Quantity of mnudiately available good coal tn the central portion of the 

€A plored ana. 

With regard to the quantity of the coal, I shall attempt a calculation of it only 
for the central portion of the explored area (marked a, c, d on map), which was 





Records of the Geological Survey of India* [vot. XXiii, 


opened up in greater detail than any other portion* This area measures only 57 
acres, or about three-twentieth of a square mile. Within this small area, I shall, to 
be on the safe side, restrict myself to those seams or portions of seams which have 
been actually traced by me. Further, I shall neglect all coal which contains 
morc-than 22 per cent, of ash, and all seams less than 5 feet in thickness. 

I shall put the limit of workable depth at 1,000 feet. In Europe there are coal 
mines of more than treble this depth in rocks quite as highly disturbed as those we 
are dealing with. But, in India, no coal mine has, I believe, yet reached the depth 
of 500 feet; and in taking the limit of workable depth at a thousand feet, I hope 1 
am not transgressing the bounds of Indian probabilities. 

For facility of calculation, 1 shall assume an uniform average inclination of 
45® for all the scams. From an inspection of the table of principal seams, it wilt be 
seen that this average is well warranted by facts. 


Seam. 

(!)• 

( 5 ) . 

( 5 ») 

(Sb) 

( 6 ) -( 7 ) 
(8)-(io) 
(11)— (la) 
(« 3 )— (IS) 
('< 5 ) 

(« 7 ) 

(i8) 


Available quantity of ccai 
In tons. 

746,592 
186,648 
349.965 
279,972 

S091040 

328.755 

1,903.809 
106.050 

395.354 

267,246 


5.592764s 


In round numbers we have S'! millions of ions of almost immediately available 
good coal belonging to classes A and B within an area of not more than 97 acres. 
The whole of this coal will, I believe, be found to be convertible into good coke. 
For the entire explored area, which measures a little over one square mile, the 
amount must be much greater though not proportionately, as the seams appear to 
suffer attenuation eastward as well as westward. Twenty millions will not, I think, 
be an over-estimate for the whole of the explored area. If we take coal of class C 
into account, we would probably have some ten millions of tons more, 

§ Carriage i mineral resources; labour; minings 

The coal-field is situated at a distance of 2J miles (as the cro^ flies) from the 
Duars. There is only one made road in th<^ explored area, 
Carriage. Kalimpong-Bagrakot road. It passes ^long the water- 

shed between the Lisu and the Churanthi and is practicable for p<|riies. Running 
as it does through the central and apparently the richest portion of coal-field, its 
importance, if widened into a cart-road, would be great. Thereyis a path which 
runs along the Lisu river to Asabari at the foot of the hills, whire a hdi is held 
every Sunday. It could be made into a cart-road ; but the expense will, I think, be 
greater than in the case of the Kalimpong-Bagrakot road, as several bridges will be 
required. 

* These numbers refer to the seems tabulated before, see pp. 16— 17* Strike faults 
reduce the estimated quantity to some extent. 
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From the foot of the hills there is a cart-road to Silliguri, a distance of about 
18 miles. The only river it crosses is the Tfstd. At present tea from the planta- 
tions jost at the foot of the hills is carried to Silliguri at a charge of about 5 annas or 
go per maundt If the cart-road be extended to the coal-field, carriage by cart to 
Silligori would cost 6 annas per tnaund. If a tramway be made, the cost would be 
much reduced.^ The proposed Duars Tramway will pass at a distance of about 10 
miles from the coal-iield, and a branch to it is well worth the consideration of the 
Tramway Company. Besides the coal, the branch line would tap several flourishing 
tea plantations, such as Bagrakot, Phulbari, and Asabari. I must say, however, 
that Uaffic on this line would have to be suspended for three months and a half, 
from June to the middle of September; for the rivers which the proposed branch 
line would cross swell to large proportions during the rains, though almost dry for 
the remainder of the year. 

With regard to mineral resources, the coal-field is advantageously situated. 

Seven miles to the north of it, at the head of the Rere Ung, 
the vi”c1nky*of the^coah there arc some excellent iron-ores.® There are two kinds 
of ore, of which one is described by Mr. Mallet to be in 
places pure magnetue, but more usually including a varying proportion of actino- 
lite ; the other is a ** schist composed of magnetite, micaceous hematite, actinolite, 
and talc, irregularly interbanded ; the last three also including octahedrons of mag- 
netite.’* Specimens of both kinds of ore have been assa}cd with the following 
results 

Percentage of iron. 


Magnetite , • • , * 7i'5o 

Micaceous hematite 59'^ 


Neither contain any phosphorus or sulphur. 

Mr. Mallet who examined the ores observes : “the deposit is a valuable one ; 'as 
will have been seen from the assays, the ore is eMiemely rich, • d the quantity 
appears to be considerable, while the iron produced is of the best quctliiy,'* 

There is copper ore two miles north-west of the coal-field on Yongri Hill. Mr. 
Mallet who examined it in 18S2 observes 


“ , , . , The Yongri seam, like all the other known cupriferous scams in the Darjil- 
ing district, (istly) occurs in the rocks of the Dahng series, (zndly) is a bed, not a true lode, and 
tjrdly) that the ore is copper pyrites. 

“As is commonly the case in the Darjiling mines, the seam is not of constant thicknessi 
expanding in some places, as 1 was infornned by the miners, to a foot or so, and in others thin- 
ning to only I 6r 2 inche.s. A sample of the ore, as it was being brought out from the mine, 
yielded on assay 1*5 per cent, of copper, while a sample of picked ore gave o 6 per cent. 
»••••• 

Taking the general strike of the rocks into account, it i- •'ot impossible, perhaps not improb- 
able, that the Yongri cupriferous band is on the same horizon as the metalliferous strata at Mang- 
phu.‘ The chance Is at least sufficiently great to suggest a somewhat promising clue towards the 
discovery ol new outcrops, between the two positions, to any one with sufficient geological 
knowledge to apprehend the bearing of the facts.’* ♦ 


* Carriage by the TfstA to Jalplguri, if practicable, would bo cheap. I hear tea from some 
ol thi plantations near the coal-field is conveyed in boats down this river. The coal could be* 
carried down to the foot of the liHls by wire-tramway ; and this mode of conveyance may prove 
cheaper than an ordinary tramway. 

*^id0 Mem., XI, p. 67. 
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Labour-supply. 


[The Mangphu copper ore on the T(st 4 , referred lo in the above extract, ia not 
very far from the coal-field, about 6 miles to the north-west. ] 

A mile and a half north-east from the Vongri mine, on the western flank of 
Sampthar hill, Mr . Mallet encountered a metalliferous band, which was fouOd to 
contain ** arsenical pyrites with a somewhat considerable proportion of mundic and 
a little copper pyrites.*' “ As white arsenic and orpiment (arsenious acid and arsenions 
sulphide),*' says Mr. Mallet, are both easily prepared from arsenical pyrites^4n,d 
orpiment is used to a considerable extent in India in connection with the preparation 
of hides, it seems likely that if some of the copper miners were to learn the way of 
making the above-mentioned products, they could profitably work the Sampthar ore, 
especially as some copper could be subsequently extracted from the spent pyrites." ^ 
There are deposits of tufaceous limestone in the Chunkhola, from which lime used 
to be made at one time. But the supply from this source will never be plentiful ; it will 
certainly not meet the demand for the manufacture of iron on a large scale. There 
are beds of limestone belonging to the Daling series in the Chunkhola ; but the lime- 
stone appears to be poor.* I could, however, but pay little attention to it. Very 
likely with closer search more promising outcrops will be found. Wc have good 
coke, and an abundance of rich iron-ores : with good flux, we may expect to have 
iron manufactories at no distant date in the Darjiling District. 

There are a few villages north and north-west of the coal-field. But they are 
scantily populated ; and land is so cheap that every tenant 
has got more of it than he can well attend to. Consequently 
labourers as a class do not exist ; and great difficulty was felt by me in procuring 
local labour. If the coal be worked, Nepalese, labourers will have to be got. In 
the neighbouring cinchona plant-ition at Nimbang they work at R5-8*' to R4 per 
month ; and there is no reason why they should not be available for the coal mines 
at the same wages, provided that * suitable land for ihtm to settle on he found. 
Every family of labourers requires a small plot of land to grow bhutta on; in 
fact, the low wages mentioned above are conditional upon such land being granted 
rent-free. Within the coal area, there are not many good sites for settlements; and 
should the coal be worked on an extensive scale, a fringe of cultivable land to the 
north and west of the coal-field at Chankiang and Makura would be required. 

With regard to mining, some of the conditions appear to be distinctly in favour 
of the coal, while others are quite as distinctly against it. 
The disttirbance which the coal and assoejated rocks have 
suffered is by no means an unmixed evil. Owing lo its crushed condition it can be 
easily dug out with picks and kodahs^ so that the cost of extraction would be much 
less than in the Raniganj and Giridih mines. On account of its high dib, the Dar- 
jiling coal has been brought to the surface ; consequently, it will not, as a ^le,be ne- 
cessary 10 sink shafts through unproductive rocks, and a very heavy item i)f expense 
will thus be saved. The powdery condition of the coal is favourable forkoke-mak- 
ing ; and water for the kilns or ovens could be brought down from a higher level 
than these in bamboo or iron pipes at a comparatively trifling cost. Ob the other 
hand, owing to the crushing wliich the coal and the associated rocks have Undergone, 
these (especially the shales) are not likely to afford a firm roof in deep mining, and 
extensive timbering will be necessary. There being reserved forest, however, On all 
sides, timber will be cheap. 

* Op. cit.f p. 58 


Mining. 


^ Vide ante, p 8. 
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The Basic Eruptive Rocks of the Kadapah Area, by Philip Lake, B.A., 
F.G.S., Geological Survey of India. 

In Southern India there were at least two great periods of eruption of basic rock 
before the time of the Deccan trap. The first eruption took place in the Dharwar 
and the second in the Kadapah epoch. Before Dharwar times, and also between 
the Dharwar and Kadapah epochs, there were many d> kes injected into the crystalline 
and schistose rocks of the country, but they are at present unconnected with any 
contemporaneous flows, and may never have reached the surface. 

The contemporaneous traps of the Kadapahs are all found in the Poolumpett 
beds of the Cheyair group. In the rocks below these there are many intrusive dykes 
but no flows, while above the Cheyaii group no traps of any kind are found among 
the Kadapah rocks. A full account of the relations of these traps to the beds in 
which they occur is given by Dr. King in his Memoir on the Kadapah and Karnul 
rocks.^ 

The chief of the contemporaneous flow.s are those of Jootoor and Palamodu. 

Adopting Mr. Trail's classification,^ the Jootoor trap is an olivine-dolerite, or 
Jootoor trap* olivine-gabbro. It is a fine-grained holocrystalline rock 

composed chiefly of olivine, augite, and plagioclase felspar, 
but containing also ** opacitc (probably magnetite) and a little mica. The specific 
gravity is 2'g, and the percentage of silica is 45'59. 

The olivine, which seems to have cr} stall ^ed out before the augite and felspar, 
occurs in rounded giains, which are frequcnlh clouded at the edges. Along the 
cleavage cracks opacite has been developed in groat quantity, but there is no sign of 
alteiation into serpentine. The olivine granules arc sometimes included in the 
augite and felspar. 

The augite generally forms large ophitic masses, but occasionally occurs in fairly 
well-defined prisms. It is of a very pale brown colour. The cleava^f is generally 
irregular. One section of a twinned prism which shows the prismatic cleavages, 
making an angle of 89® with each other, also shows a striation parallel to the 
trace of the twin-plane, i>., to the orthopnnacoid (100). In this it resembles dial- 
lagc, but the striation is not very marked. Opacite is dcvcloiied along this lamina- 
tion, and also along irregular cracks which cross most of the sections of augite. 

The felspar is not abundant, and there are not enough crystals for the determina- 
tion of the si>ecies. It is twinned on the aibile plan. 

A little brown dichroic'^mica is also found. Opacite is sometimes developed 
along its cleavage planes. 

. The opacite, as already mentioned, occurs along the cracks and cleavage planes 
of the ferro-magnesian constituents, especially the ohv ne. It is mostly in the form 
of a fine dust, but occasionally forms little needje- shaped cr>stallites. It is probably 
magnetite, and has evidently been formed by the alteration of the olivine, &c. 

Greenish cliloritic matter algo occurs in the rock, but is not abundant. 


' King. Mem. G. S. of I.» VIIl.— The specimens on which the descriptions in this paper 
are based were collected by Dr. Kingi and arc now in the Indian Museum, 

* Britisb Petrogtaphjr, p, jO. 

* Mem. G. S. of U VIII, p. ig6. 
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The Palamodu trap is a dolerite without olivine. It consists chiefly of augite in an 

Palamodtt trap ‘ earthy base. The base has evidently been formed by the 
alteration of felspar, and remnants of plagioclase crysteds are 
seen in it. Besides the augite, there is also a serpentinous mineral which seems to have 
beeu.formed by the alteration of the augite. The specific gravity of the rock is 3*9. 

The augite occurs in crystalline masses without crystalline outlines. Very often 
the plagioclase crystals, or the earthy pseudomorphs of these, penetrate the augite, 
and it is clear that the augite crystallised out after the felspar. The rock is, there- 
fore, ophitic (diabasisch-k6rnig of Rosenbusch). Besides the prismatic cleavages, 
there are shown in some of the augite sections sets of dark lines parallel to the 
planes, 100 and oro. These are not always easily distinguished from the prismatic 
cleavage ; but in one section which shows the two sets of dark lines at right angles 
to each other (and in convergent polarised light gives an optic axis a little outside 
the field), the extinction is parallel to these lines, and the lines are therefore not 
parallel to the prism (no). The development of planes parallel to the pinacoids 
suggests that the augite may be rhombic ; but this is not the case. In sections out 
of the zone 100,010 (with the cleavages parallel) the extinction is not always paralle 
to the cleavage ; and when it is parallel, the section shows an optic axis in conver- 
gent polarised light, llie augite is therefore monochnic. Its double refraction is 
positive and strong. 

It is probable that the dark lines are generally developed, parallel to only one of 
the planes 100, 010 ; for in most of the sections only one set of these lines is visible. 

The augite, separated as well as possible from the other components of the rock, 
was found by Behrens* raicrochemical methods to contain Ca, Mg. and some Al,® 
The amount of A 1 found was small, and it may have come from the other matenah 
of the rock, which could hardly be completely separated from the augite. The 
augite is not highly aluminous. 

In many cases the augite is partly altered into a fibrous-looking earthy substance, 
the fibres apparently lying nearly at right angles to the vertical axis. 

The final product of alteration of the augite is a fibrous-looking mineral penetrated 
by little veins of what appears to be the same mineral onented differently. The 
colour is greenish yellow, and the mineral shows a feeble plcochroism. The extinction 
is parallel to the fibres or cleavage. In convergent polarised light, the mineral is 
found to be bi-axial ; and as the extinction is straight, it must be rhombic. It is 
probably bastite. 

The felspar is almost entirely decomposed, and the species cannot l|o determined. 
There are brides the plagioclase, a few grams of clear felspar without any definite 
form and without any twining. Tliis is probably of secondary orig[in. There is 
also a little quartz, which may have been set free during the alteration the felspar. 


* Mem. G. S. of 1., VIIL p. f08. . 

• Being Unable to prcictire any caesium chlorMe, I wiuirbMfged to rubidium cMon 
instead as a te^t for Al. For suggesting the use of rubidium chloride I am iudebted to • 
P. Bruhl of Ifie Civil Engineering CiHlega who kindly gave me a specimeU. 

water at 17® dissolve 0619 part^ of csesium alum or 2*27 ^rts of rubidium alum (Watt s 
ary of ChemUtrf, after Redtenbstf^Wr), So that the test wth catsium h^ibout 3 7 time^ a? de' 
as that with rubidium. With 001 mUUgrammes of Al* O* can be clearly 

therefore with rubidium 0*37 milligrammes can be detected. In the present case the of r 
liquid was pllowed to evaporate slowly, almdst to dryoess. 
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At Betumcheni, in Karnol District, is another mass of trap, which also appears 

Betvmchsru trap. contemporaneous and of Poolumpeit age. This rock is 

composed chiefly of plagioclase and augite. There are two 
specimens in the Museum, one obtained at Betumcheru, and the other three miles W. 
S. W. of Betumcheru. The former U fine-grained and holocrystalline (Sp. gr. 3*0), 
while the latter is compact and contains amygdaloids (Sp. gr, 2*7 j. 

In the first specimen the augite very much resembles that of the Jooloor trap. 
It has crystallised after the felspar, and forms ophitic plates. The felspar crystals 
frequently penetrate it. It is often partly decomposed into a clouded greenish sub- 
stance which is dichroic. 

The plagioclase occurs in long lath-shaped sections with numerous twin-lamellse. 
The maximum extinction found in the zone 100,001, referred to the trace of the plane 
010, was about 29”, and the plagioclosc is therefore labradoritc, or possibly a more 
basic felspar. 

Magnetite is scattered through the rock in nests. 

The second specimen (3m, W. S. W. of Betumcheru) is very finely crystalline. 
Almost all the augite appears to have been converted into chlorite, and the rock is 
practically composed of plagioclosc microliihs in a chloritic base. Magnetite is 
scattered through the rock in small grains and in skeleton crjstals. A few grains 
of a brownish granular substance till up the interstices of the rock, and there is also 
a little haematite present* 

The amygdaloids arc composed of quartz, or quartz and chalcedony, in alternate 
layers. In some cases chlorite fills up the s|)aces between the qinrlz crystals. 

From these descriptions it will be seen that the Kadapah traps are essentially 
plagioclase -augite rocks. The Jootoor trap contains olivine, and in parts of the 
Betumcheru mass the augite has been conveited into chloritic 01, possibly, serpen- 
tinous matter. But this does not alter the character of the rock. 

The augite appears to be non-aluminous or but slightly aluminous, i. ui is allied 
to diallage. The felspar is basic, and in parts of the Betumcheru tiap, and probably 
in the other traps also, is allied to labradoritc or bviownitc. 

The occurrence of these highly magnesian traps in the Kadapahs is interesting 
in connection with the presence of serpentinous and steatiiic rocks in the Paupug- 
nce beds, which lie below the horizon of the contemporaneous traps. Dr. King^ 
shows that where the Paupugnee limestones and slates are in contact w ith irap, they 
J»re frequently seamed and veined with sorpcnliiie. Steatite al^o is abundant in places. 
Ihe Paupugnee traps arc intrusive, and there can be little doubt that arc of the 
i'ame age and character as the Cheyair traps ; an<l the serpentine and steatite are evi- 
dently derived from the augite and olivine forming so a part of them. 


The Deep Boring at Lucknow, K. D. Or.ofiAM, A.R.S.M., Deputy 
Superintendent ^ Geological Survey 0/ India. 

An experiment of considerable practical and scientific importance has lately 
carried out by the Municipality of Lucknow, wliich has put down a boring, 
>j3oo feet in depth, in search of an artesian w?ucr-supply, A section of this boring, 
oceived from the President of Iho Municipal Board, is here published and deserves 

coinmeat. 


* Loc. pp 16^ -166. 


E 
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Our late Director, Mr. H, B. Medlicott, always maintained that artesian water 
could be obtained by deep borings in the Gangetic plains, the failure of those put 
down as yet being due to their unfavourable situation. Though it is extremely im- 
probable that the Gangetic alluvium has that structure which would have been mofet 
favourable for the production of an abundant supply of artesian water, and was at one 
time believed by Mr. Medlicott to be the actual structure, yet it has been recognized 
that the analogy of previous experience in other alluvial plains justified the hope 
that water would be obtained under sufficient pressure to rise to the surface; the only 
difference of opinion being as to the probable abundance of the supply. 

It will be seen from the record that, as the boring progressed, water steadily rose 
in the bore hole till, between 1,189 and i,2oa feet, a bed of quicksand was passed 
through, from which 10 gallons per minute flowed from the top of the bore hole 
This is of course a miserable supply to be obtained from so expensive a venture, 
but does not by any means represent the true capacity of the bed, owing to the 
want of judgment shown in the selection of the points at which the size of the 
casing was reduced. I find that the bottom of the 12" pipe is at 408' 8'^ in “fmt 
sandy silt;" of the 10" pipe at 798' in “ quicksand with abundance of mica,” and 
the 8"^ pipe ends at 898' in “ kankar, hard, with a little sand."' All these are perme- 
able beds, one freely so, in which the water had not sufficient pressure to rise to the 
surface; at all these) junctions there must have been leakage, and the 10 gallon') a 
minute, barely flowng at the surface, do not truly represent either the pressure or 
the discharge of the 4'^ pipe at the bottom of the well. 

In the current newspapers this boring has been stigmatised as a failure ; such it 
doubtless is if regarded as a source of water-supply, but as an experiment it has 
been conspicuously successful. It has established the fact that at i,aoo feet there is 
water under sufficient pressure to flow at the surface ; it is probable the succeeding 
w^ter-bearing strata, which would be struck by a deeper well, would yield water at a 
higher pressure ; and, even if the pressiue and supply .so obtained be insufficient, an 
abundant supply of pure water will be obtainable by pumping. 

In sinking a fresh w’ell, as has been decided on, it will l>e necessary to start \^ith 
a larger size of bore hole, and to shovi^ greater judgment m selecting the points at 
which the casing is reduced in size. The boring just abandoned appears to have 
been made with an ordinary chisel bit, and the casing driven close behind the head 
of the boring till it would go no further ; but, in such stuff as was passed through, 
there seems no reason why an expanding bit should not be used, thereby reducing 
the friction against the outside of the casing and increasing the djistance to which 
each separate size could be driven. t ^ 

are 
the 

alluvium. - 

With reference to the first. It has now been established that jlhe formation 0 
the depression, now occupied by the Gangetic alluviumi has proceeded pan 
with the elevation of the Himalayas, and that it has extended southwards by t e 
gradual subsidence of th^ northern limit of the peninsula rock area. On its 
boundary the history has been different: the deposits formed at the foot ^ 
llimalai^as during the Siwalik period, which were originally part of the Gangetic p 
have been compressed, elevated and cut off from their continuation under 


There are two points of theoretical interest connected with thw boring. ttie> 
(1) whether the head of water comes from the northern or soupem margin 0 
plains, and (2) whether the bore hole has not nearly teached Jthe base of the 
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at present, undisturbed deposits at the foot of the hills. There is consequently no 
reason for supposing that the grave! and sand deposits of the hhihar continue under 
the alluvium ; on the contrary, there is every reason to suppose that they have been 
deposited over a comparatively impervious deposit of clay and silt with occasional 
l)eds of sand. Yet, owing to the want of continuity of individual beds, their 
lenticular shape and their great horizontal extension as comi>ared with their vertical 
thickness, it is possible that the water would find an easier, if tortuous, underground 
ngssage in a direction parallel to the bedding than transverse to it, and so the head 
might be derived from the northern margin of the plains. 

On the other hand, the manner of the southward extension of the alluvium 
through subsidence of the surface would lead to the formation of a zone of coarse- 
grained sand, and possibly gravel deposits, overlaid by finer-grained impervious 
clays^ This structure would be particularly favourable for artesian conditions, 
although the elevation of the southern margin of the plains is much less than that of 
the northern. 

As things stand then, we have a greater effective head to tlic north, but a more 
tortuous passage for the underground water, and consequently a greater loss of head ; 
10 the south the effecfi^'c head is less, but, if the bore hole has reached nearly to the 
base of the alluvium, a more direct passage for the water and less loss of head by 
friction. The single boring put down is insulficicnt to decide between these two 
alternatives. 

As regards the second point, whether there is any great thickness of alluvium 
below the bottom of the bore hole, this inav bo decideil by the next boring, which. 
It is to be hoped, will be carried to a greater depth than the present one. At present 
the question is more or less one of conjecture, but the frequent reference to “ coarse 
sand,*' in the lower part of the boring, points to a closer pro\irnit\ of tlie margin of 
the alluvium than is at present the case, and consequently to an approach to the 
base of the alluvium. If my supposition is correct, the totnl thickness f the allu- 
vium under Lucknow would not be more than 2,000 feet at the outride, a i.i probably 
some hundreds less than this. 
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Dbscription of soil. 
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C. A, B. OLIVER, 

Secretary^ Municipal Boards 

LUCKNOW. 


supplementary note. 

Since the above article was sent to press, I have had an opportunity of visiting the works 
at Lucknow. No decision has been come to as yet about making a second boring ; but the fact 
of a sheet of rising water having been struck certainly warrants a second and deeper trial, 
{(only on the general ground of its possibly placing the province in a more hopeful condition 
of tapping water at places within an ascertainable range of the Lucknow level, or in the lower 
extent of the Gaogctic plain. The cutting of the strata in the bore bole was io severe that the 
samples brought up have been reduced to great fineness ; but it does not seem that any 
very coarse sandi were met with : and thus it is not at all clear that the boring has touched 
anything like the lowest beds of the Gangetic alluvium. 

Mr. Trowbridge, the Engineer in charge of the weU*works, has explained away Mr. 
Oldham's doubts as to the proper enlargement of the hole at foot of tube ; and Apparent want 
of judgment in selecting points for insertion of tubes of decreasing diameter, is a steel 

cutting shoe at the foot of the tubi^ which is quite powerful enough to cut oot|Bpace for the 
descent of tube ; while the larger tubes or drive pipes having been driven at m as possible, 
insertion of smaller tubing became necessary when the usual precautiont at m sufficiency of 
overlap were observed, simple enough problems in well-boring, with so certifiw and experi- 
enced a specialist at Mr. Trowbridge,— j 
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Preliminary Note on the Coal Seam of the Dore Ravine, Hazara, by C. S. 

MiDDtEMlSS, B.A., Geological Survey of India. (With two plates.) 

Mr. D. Morris, Executive Engineer in charge of Coal Mines, North-Western 
Railway, and Mr. C. Jones, Assistant Engineer, Hazara Sub-division, have each 
described the occurrence of the coal in the Dore ravine as lying with the adjacent 
limestones in the form of an anticlinal arch cut through by the river action. This is 
a very pardonable mistake ; for the first view up the valley as we go east from 
Dhamtour certainly gives one this wrong impression. On the north side of the 
river we see a dip to the north or north-west, and on the south side a dip to the 
south-east — facts wluch easily lend themselves to the above conclusion. 

Previous experience of Himalayan sections had prepared mo for putting but 
slight faith in an apparently simple condition such as this ; but before I could get to 
work to unravel even the circumscribed area embraced in this note, it was necessary 
to become thoroughly acquainted with the normal lie and sequence of the strata. 
This was not so easy a task as I expected : 1 was delayed by many slight mistakes 
and imperfect repros^ntations of the rocks in Mr. Wynne’s unfinished map of the 
district, and by the Inclement season of the year, which made hill-traversing difficult. 

Being now in a position to lay bare the essential points in the rock-structure of 
the Dore ravine near Hewsou’s and the Public Works Department mines, I take the 
opportunity of this short note to state the case as briefly as possible, leaving all 
detailed remarks, and the purely scientific aspect of the questions involved, for a 
subsequent finished report. 

Round about the Dore valley and neighbourhood there are very many exposures 
of carbonaceous shales with associated sandstones, which from fossil evidence have 
been assigned by Dr. Waagen to the Jurassic epoch, and as the probable equivalents 
of the Spiti shales. It is necessary once for all to state that these bicjck and coaly- 
looking strata have nothing to do with the Dore coal. Their horizon is much lower 
m the natural chronological sequence of the rocks. The real coal-bearing stratum^ 
as exposed in Hewson’s mine, the Public Works Department mine, and in other 
localities, is at the surface a very unsuspicious-looking, rather coarse, variegated 
white and red sandstone ; sometimes weathering into a hard rock of millslone-grit 
type, and fioraetiracs crumbling into a loose sand or sand-rock mixed with clay in 
patches. It is usually about 6 feet thick. In some places speck*, blotches and 
patches of coal or carbonaceous clay can be seen in the river cuttings, but not often ; 
whilst on the higher hill-sides the sandstone rings under the hammer and gives no 
token of mineral wealth below. 

* In the vertical section (PI. i), I have expressed the lithological features and 
the chronological sequence of the rock formations above and below the coal as they 
would appear in a perfectly undisturbed normal section. This is the order in which 
they are seen some little distance above Hewson’s mine, constituting the high mural 
scarps on the right bank of the Dore ravine, with the exception that they are tilted 
lip sharply with a dip of about 40 ® north-north-west at the surface of the ground. 

In such guise they are drawn on the right-hand side of the horizontal sketch 
section (PL a). On the left-hand side of that section, which coincides with the 
south bank of the Dore ravine, the same rocks are observable ; and from their 
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dipping in the opposHe direction at the sarfacc arose the misconception that an 
anticlinal fold was therein implied. It will be seen, however, that the ord^r of the 
strata on the left side of the section is not the same as on the right side. In fact, 
it will be seen that the order is inverted. This is the whole secret of the matter. 

The difficulties implied by such a structure are fata! to the development here of 
a large and important coal-field; for such a structure tells a tale of so intense a 
crushing of the mountain region that all the rocks have come within lo® or so® of 
the vertical when traced to the deep. Had the crushing of the region been less 
severe, we should have had the strata thrown into gentle folds of anticlinal and 
synclinal, and a coal basin might have been possible. As it is, the strata have been 
bent back upon themselves and have split along fold-faults marked F on the 
horizontal section (PI. 2). 

It is oviing to the tendency of the free edges of rock beds to subside slightly 
down hill that wc have the comparatively gentle dip of about 40® at the surface both 
in Hewson s and the Public Works Department mines. Whereas gorge-like sec- 
tions, such as that in the Hertoh (Harno) R., show that when the heart of the moun- 
tain is reached the dip is very nearly vertical. 

The question has been mooted whether these coal exposures are mere dis- 
continuous ** pockets,*' or whether they belong to a true seam which may be trusted 
to continue for some distance. I have no hesitation in saying that the latter is the 
truth with regard to them. They are not of the nature of the coal that many years 
ago was reported in the Upper Tertiary Sandstones in the vicinity of Murrcc, but 
which was proved by Mr. Medlicoit to be of the ** pocket" nature, due to the 
entombing of a stray tree-trunk or two. On the other hand, they are undoubtedly 
portions of a continuous band or seam of coal of lower nummulitic age, well known 
in the Salt-Range and the Jamu area. Possibly this seam may here and there local- 
ly prove to have been nipped out (0 nothing and to have swelled in the neighbour- 
ho^ beyond its proper thickness. 

From the structural consider»tions given above, it follows that in working the 
coal on the north side of the river the engineer must be prepared for the dip of the 
bed becoming continuously steeper, until within about 200 or 300 feet from the sur- 
face it assumes an angle of 70® or 80®; whilst on the south side it will reach the 
vertical about the level of the Dore ravine (in the neighbourhood of the Public Works 
Department shaft), then pass the vertical, until it rests at 70® or So®, dipping in the 
same direction as the coal on the north side. After this it will become cut off by 
Uie fold-fault along the river. 

These circumstances will, of course, necessitate deep and expensive working, bu 
I have a sanguine belief that a large supply of serviceable fuel may be extracted 


from these outcrops. 

The locality of the Public Works Department mine should be fir^ tested by an 
adit driven in at the river level. 

On the north side of the river the Outcrop from Hewson’s runs awfcy north-west 
up the hlU slope, by what will probably be found to be a set of brfeken lengths. 
East of Hewson*s there is a cross-fault running up the stream towards the north- 
west with an upthrow to the nortb-east of about 300 feet. Hence the coal-bearing 
bed has to be sought at a considerable height above Hewson’s in that direction. In 
my fnJl report these details will be illustraied by a map. At present I may say that 
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die bed follows ihe base of the first inaccessible scarp found up the stream north of 
Hewson’a. It gradually descends towards the stream-bed west of Mohar village. 

Should the exploitation of the coal be undertaken soon, I can give particular 
directions on the spot as regards further operations. 


♦ 


GEOLOGICAL SURVEY OF INDIA DEPARTMENT. 


TRI-MONTHLY NOTES. 

5. Ending 31ST Octobkr iSqo. 


Director's Office^ Calcutta^ j/j/ Octohr 18 go. 

The staff of the Survey is at present disposed in the following parties : — 

Madras Party, — R. B. Footf, E\G.S., Senior Superintendent, Bellary District. 

Burma Party, — Thko. W. Hughes Hi ghfs, A R S M., Superintendent. 

Fritz NorruNG, Ph D., Palxontologist. 

Baluchistan Party, D. Oldham, A.R.S.M., ist Grade Deputy Superin- 
tendent. 

Sub-Assistant Kishen Singh. 

Sub-Assistant Hira Lai, 

Hazara -Par/y.— C. S. Middlkmiss, B.A., 2 nd Grade Deputy Superintendent. 

Darfihng and Stkhrn,--?, N. Bose, B Sc., 2nd Grade Depay Superintend- 
ent. ^ 

Htad Quarters, Crf/rtt//a.— The Director. 

C. L. Griesbach, C.I.E , Superintendent, 

T. D. LaTouche, B.A., 2nd Grade DepuU Super- 
intendent. 

P. N. D\ita, B Sc., Assistant Superintendent. 

T, H. HoLLVND. Assisunt Supcnuiendcnt. 

The Director was on tour in the Madras Presidenc) in August and September, 
a good part of the time being spent at IlMlcr^bad in connection with the question 
of demarcating the limits of the Singaieni COil-field and the auriferous tract of 
DhdrwAr rocks in the Raichur Doab. The settlemc * of the leasing of this caal-field 
and the gold area, following on the completion of the prospecting lease granted by 
Uis Highness the Ni/am^s Government to (he Hvdcrabad (Deccan) Company, had 
come before the Resident, Sir Dennis E’iu-Palrick ; and it was contended by the 
Hyderabad (Deccan) Company that no definite limitation of these areas could be 
made by a geologist or indeed anybody else, for which rather novel opinion they 
relied on their mining expert, who had paid a short visit to the country. The 
Singareni Coalfield being, however, an isolated tract of the lower Gondwana series 
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entirely surrounded by crystalline and metamorpbic rocks on which abo the coal- 
rocks lie, there is really no difficulty in determining an encircling rim of these latter 
rocks, within which the coal-fiold lies and outside of which there are no branches or 
outliers. 

SimiW objections, which are however somewhat more reasonable, were raised 
with regard to the auriferous tracts of Dhdrwirs in the Raichur Doab ; it being of 
course impossible to say definitely that there could be no gold in the qoaru-recfs 
and other fissure infiltrations among the rocks outside of the known area of Dhir* 
wirs. The prevalence and restriction of auriferous reefs within certain tracts of the 
Dh^rwir series is, however, so well established now, that the selection of sites 
for gold development must, for all practical purposes, lie within the Dhirwir belts ; 
while the area of these has been determined with sufficient accuracy in the Rai- 
chur Doab, for all purposes of mineral concession or leasing. In other words, there 
is really no use in looking for auriferous reefs outside this tract in the Doab. 

The reported occurrence of coal in the Coimbatore District was found to be 
attributable to the long-known exhibition of pwor seams of lignite in the patches of later 
tertiary strata occasionally found in the adjacent Malabar District ; at least, the loca. 
lily mentioned appears to be really in the Malabar District ; and until more delimte 
information regarding it is available, further examination is unnecessar}'. 

Arrangements were made for an immediate >isit to the reported gold tract in 
Kolegal where, as it turns out, the old mine workings are in reefs which do not 
traverse the Dhirwir series. Mr. Foote will carry on his survey of the continuation 
of the Mjsore gold tract into British icrntor) in the Cuddapah Distnf t. 

The boring for an artesian well at Lucknow was visited in October, with a view 
to advising the Government of North-Western Provinces and Oudh regarding the 
sinking of another well. The first boring, on reaching a depth of i,r89 feet, struck 
a porous stratum from which good water rose to a height of 29 feet above the hot- 
weather level of the Gumti nver, which, however, only flowed out at the rate of 10 
gallons a minute. This supply being^ar below the quantity required, the bore hole 
was run down to 1,336 feet, in the hope of reaching a better and freer discharge, but 
without success, when it was found impracticable to drive the tubing deeper. The 
proposal has now been put forward, that a fresh attempt should be made with tubing 
of a larger diameter, which it is assumed may, under the experience gained, be run 
down to about 2,000 feet. 

This will, of course, entail a larger outlay : but, seeing that the fact of the exist- 
ence of a sheet of water, with a head, has been now proved to exist under the 
Gangetic alluvium, the legitimate inference is that others will be met with at a 
somewhat greater depth likely to yield the larger and freer discharge dc|iderated. 
The settlement of this question of underground water-supply is of such vital im- 
portance to the province itself and to the next lower tracts of the Gangetic plain, that 
a stoppage of the exploration on its present stage would only leave rocfn for re- 
newed— and then inexperienced — attempts m the future. 

Mr. Theo. W. H. Hughes is expected back from leave about the middle of Nov- 
ember. He will proceed direct to Mergui vid Penang to resume his exploration 
for tin. 

Mr. C. L, Griesbach will shortly leave to take up work on the N.-W. Frontier, 
stopping on the way to examine the reported find of coal in Pinjaur. 
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Mr. R* D- Oldfeum has been deputed to accompany the Zhob Expedition, with 
a view to examining the reported occurrence of oil m that country. 

Mt. T. D. LaTouchc proceeds to Ranchi in order to take up the thorough ex- 
ploration by borings and small pits of the Daltonganj Coal-field. It has been 
arranged that an officer of the Public Works Department should accompany Mr* 
LaTouche in order to superintend the putting down of borings at the places 
indicated by that officer. For this purpose, one of the new sets of boring plant 
recently received from the Secretary of State for India will be used. 

Mr. P. Lake, on return from privilege leave early in January, will probably be 
deputed to Burma in place of Mr. LaTouchc. 

Mr. P‘ N. Datta will also be leaving about the middle of November for Assam, 
where he has been deputed to examine certain coal outcrops in the Garo Hills. 

Mr T. H. Holland, who was recently appointed to this Department by the 
Secretary of State for India, joined his appointment in October. He has, for the 
present, been placed m charge of the Museum and Laboratory. 


List of Reports and Papers sen^ tn to office for publication or record 
during August y September , and October i8go. 


_ 

— 

— 

- 

— 

Author. ' 


Subject 

Disposal 

R, B Foote 


• 

Translatjon from the Cermar, of | 
Note by Dr Johannes? Walther I 
On vein<« ol graphite m decoin- * 
posed gneiss (Latenti) lu Ctylou * 

■WiP be published in the 

1 ' Records of the Geologi- 

cal Survey of India/' Vol. 
XXIV , part X. 

R, D, Oldham 

% 

. • 

Note on the Deep Boring at Lurk- 
now 

Published in the ‘ Records 
of the (leological Survey 
of India,’ Voi. XXUl , 
pan 4 

P. N. Bose 

« 

• # 

Report on the Darjihng Coal be- 
tween the Lisu and the Ranithi 
rivers. 

Ditto ditto. 

>1 

• 

V « 

Extracts from journal of a trip to 
the glaciers of Pamiim, Kabru, 
«uC. 

Wii) be published in the 
‘ Records of the Geologi- 
cal Survey of Indli,'* Vol. 
XXIV., part I. 

C S. Middlbmiss 

« • 

Note on the coal scam of the Dore 
River» Harara 

1 Published in the “ Records 
of the Geological Survey of 
' India/ Vol.XXIlI ^.ut 4 

P Lake « 

• 

• • 

Note on the basic prupti>e rocks 
of the Kaddapah area 

Ditto ditto. 

IB « 


• « 

Report on the Geology of South 
Malabar. 

Will be published as ** Me- 
mo*rs of the Geological 
Survey of India,” Vol, 
XXIV , part 3 

P. N. Datta 

A 

% 

Compilation of Index to the fir^t 
twenty volumes of the ’ Records 
of the Geological Survey of In- 
dia."’ 

Published as \ Supplement 
with the * Records of the 
Geological Survey of In- 
dia/' Vol XXIII., part 4. 

R- Lvdckkbr 


• • 

Note on some fossil Indian Bird 

Bones. 

Published in the " Records 
of the Geological Survey 
of India/’ VoL XXIII., 
part 4« 
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List of Assays end Examinations made in the Laboratory^ Geological 
Survey of India^ during the months of August, September, and Octo~ 
ber tSgO. 


For whom. 


Alluvial soil, for gold . Mackillican & Co., Calcutta. 

Quartaose schist, for F. C. Lkthorn, Calcutta^ 
gold. 

Coal, from a mine about Commissioner and Superin- Moisture • 

3 miles due east from tendenti Delhi Division. Volatile matter 


Kalka. on the right 
bank of Kassoiia river 
in Kawll Forest. 


Fixed carbon 
Ash • 


I Ash— dark red. 

Does not cake, but sinters slightly. 


Coal, found between the Secretary to Chief Commis- Moisture 
Singanama and Betul sioner, P. W. D., Central Prov* Volatile matter 
Roads near Burkoe, incea. Fixed carbon 

Chindwara District. Ash * 


e uartx, for gold « • 

alena, in quartz . 

1 1 specimens of minerals 
for determination. 
Quartz, for gold . 
Pegmatite, for gold • 

d Specimens of minerals 
for determination. 
Specimen of mineral 
sent for determination. 
Copper, from mines near 
Kashgar. 


Quartz, for gold * 

Quartz, for gold . 

Pegmatite, for gold 
Quartz, for gold • ‘ 

Copper pyrites 

Coal, from the Hertoh 
River, Hazara. 


Mackillican & Co., Calcutta. 
R. W. BacNrach, Calcutta, I 
C. T. Amblbr, Monghyr. i 

j, M. Stonby, Calcutta. 

P. Richards, 4, Ciive Row, 
Calcutta. 

Ditto ditto* 

W. M, Smith, Snb-Divisional 
Officer, Deogarh, 

Lieutenant Bower, through 
Dr. G. Watt. 


J. B. Cass, la, Lall Bazar, 
Calcntta, 

Kilburn & Co., 4, Fairiie 
Place, Calcutta. 

Mackillican & Co., Calcutta. 
A. SiMSON, 4, Fairiie Place, 
Calcutta. 

E. C. GaR¥C, 44, Wellesley 
Street, Calcutta. 

C. S. Middle MISS, Geological | 
Survey of India. i 


Ash — light red. 

Does not cake, but slnler-s slightly. 


“Garnets. 

Insoluble matter 
Cu tCopper) 

Pb, (Lead) 
Undetermined 


Moisture 
Volatile mat- 
ter. 

Fixed carbon 

Ash • « 


M Ejtpotufd^ 3^ Exposure* 
. 304 2'94 

t- 9*80 5‘o» 


Total . loooo toooo 

Does not cake. Duet not calc& 
Ash^brkk red. Afb«-pale buff. 
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Jaist 0 / Assays and Examinations made in ike Laboratory^ Geological Survey of 
India, during the months of August, September, and October continued. 


Substance. 

For whom. 

Result. 

Quarts, lor gold . 

Quartz, for gold • 

Gneiss, with copper 1 
pyrites, for gold and 
copper. 

3 specimens of mmerals 
for determination. 

Carbonate of lead • 

A. SiMSOiT, 4, Fairlle Place, 
Calcutta. 

A Parpft Ranchi, 

Dr. Lamb, 5, Old Court House 
Street, Calcutta. 

T. B* Cass, la, Lall Bazar, 
Calcutta. 

E. Reubbn & Co, 6, Pollock 
Street. 

1 



Notifications by the Government of India during the months of August, 
September, and October i8go, published in the Gazette of India f 
Part L^tipp^intment, Confirmation, Promotion, and Retirement, 


Department, 

No of 
order 
and date. 

Name of Officer 

From 

To 

[ Nature 
of Ap- 
1 point- 
ment, 
&c 1 

With 

effect 

1 from 

f 

Remarks. 




i 

1 






Notifications by the Government of India during the months of August^ 
September, and October iSgo, published in the “ Gazette of India f 
Part /. — Leave, 


' ~ 

- 

- 

— 




Department 

No 

of order and 
dat«*. 

1 

Name of Officer. | 

I 

Nature 

1 

j Leave 

With 
effect ^ 

from ' 

1 

Date 

1 

' Return 

1 

! 

Remarks. 

1 

Revenue and 
Agricultural 
Department. 

20th June 

T. H. D. LaTouche • 

j 

1 

1 Privilege 
leave. 

2nd July 
i8qo 



Ditto 

:;!r,s,d.t.d 

20th Octo* 

ber 1B90. 

Ditto 

Extension 
on dut} 
for two 
weeks 

2nd Octo- 
ber ii?90. 

9th Oc- 
tober 
1890. 


Ditto 

.'«S..d 4 ted 

6th Sep^ 
tember 18^ 

P. Cake 

Privilege 

leave. 


8th Octo- 
ber 1S90. 
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THU, f Bocks. 

SFoti’s Mechanics’ Own Book : a manual for handicraftsmen and amateurs, ifd 

editioDo 8® London* 1889. 

Staklby* Henry Jf.— In Darkest Africa* or the quest, rescue* and retreat of Emin 
Governor of Eqiiatoria, Vols. MI. 8® London, 1890. 

Try ON* George IK— Manual of Conefwlogy, structural and systematic. Continued by 
H. A. PiJsbry* Vol. XI I, pt. 45; and 2nd series, Vol. VI, part 2r 
8* Philadelphia, 1890, 

Waterhousb, y. Practical notes on the preparation of drawings for photographic 
reproduction. With a sketch of the principal photo»mechanical pnniing 
processes. 8* London, 1890, 


PERIODICALS* SERIALS, 8rc. 

American Journal of Science. 3rd scries, VoL XXXIX, No. 234 to Vol. XI No 2^6 
8" New Haven, 1890. Xi, r' Editors! 

American Naturalist. Vol. XXIII, No. *76, and Vol. XXIV, Nos. 2S1 and 287 «o 
Philadelphia, 1889.90. “ 

Annalendcr Phjstk und Chemie. Neuc Folge, Band XL, heft 2-4, .and Band XI I 
heft I. 8° Leipzig, i8go. ' 

Annales de G&logic et de Pal^ontologie. Livr. 7— 8 . 4® Paierme, 1890. 

Annales des Sciences Gdologiques. Tome XXll, 8° Pans, 1889. 

Annates des Sciences Naturelles. 7“* sine, Botanique, Tome XL Nos 2-1 S' 
Paris, 1890. . ' ^ 

Annals and Magazine of Natural History. 6th senes, Vol. VI, Nos. 31-3?. 8° 
London, i8go. 

Annumre Giologique Universe! Revue de Gdofogicct Palcontologie. Tome V (1888), 
8® Pans, 1889. Xhb Editors, 

Athenaeum. Nos. 3267-3279. 4® I.ondon, 1890. 

Beiblatter zu den Annaten der Ph)sik und Chemie. Band XIV, Nos. 5-7. 8® 

Leipzig, 1890. 

Chemical News. Vol. LXI, No. 1593 to LXH, No. 1605. 40 London, 1890, 

Colliery Guardian. Vol. LI.X, No, 1536, to LX, No. 1548. Fol. London. 1890. 
Geological Magazine. New series, Decade III, Vol. VII, Nos. 7.9. 8’ London, 

1890. 

Indian Engineering. Vol. VII, No. 26, and VIII, Nos. 1-13. Fisc. Calcutta, i8go. 

P, Dotle. 

Iron. VoL XXJiV, No. 908 to XXXVI, No. 920. Fol London, 1890. ' 

London, Edinburgh, and DublinjjPhilosophic^ Magazine and Journal of Sdcncc. sth 
series, Vol. XXX, Nos. 182-184. 8* I.ondon. 1890. ^ 

Mining Journal. Vol. LX. Nos, 2858-2870, Fol London, 1890. 

Nature. Vol. XLH, Nos, 1075-1087. 4° London, 1890. 

Neuesjahrbuch fur Mineralogie, Geologic und Palaeontolt^ia Jahrg. 1890^ Band I, 
heft 3, and Band II, heft 1. 8® Stuttgart, 1S90. ^ 

Neues Jahrbuch fur Mineralogie. Geologic und Palaeontologie. Beilage-Band VII, heft 
I. 8* Stuttgart, 1890. 

Palaeontographica. Band XXXVII, lief, t. 4‘’ Stuttgart, 189a 
38 
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Titles (f Bookt. Donors 

Petennann’s Ceographische Mittheilungcii. Band XXXVI, No». 7^. 4* Gotha, 1890. 

The Editor. 

The Indian Engineer. Voh IX, Nos. 168-181. 4® CalcutU, 1890. J. Me Intyre, 


GOVERNMENT SELECTIONS, REPORTS, &c. 

BuRMA.^Annual report on the Light-houses and Light-vessels of! the coast of Burma 
for 1889-90. Fisc. Rangoon, 1890. 

Chief Commissioner, Burma. 

„ Tables for the transliteration of Burmese into English, with lists showing the 
names in English and Burmese, of the divisions, districts, sub-divisions, 
townships, and circles of Burma, also of the post offices, railway stations, 
police offices, and other places of interest, 8° Rangoon, 1890. 

Revenue and Agricultural Department. 

India.— Administration report on the Railway^ of India for 1889-90. Part I. Fisc* 
Simla, 1890. Government of India. 

„ Government of India. Civil Budget Estimate for 1890-91. Fisc. Calcutta, 
1890. Government op India. 

„ List of Officers in the Surve^^ Departments, and in the offices of the Meteorolo- 
gical Reporter to the Government of India; Trustees, Indian Museum ; 
Reporter on Economic Products; Director, Botanical Department. 
Northern India; and General Superintendent, Horse-Breeding Depart- 
ment; corrected to ist July 1890. 8° Calcutta, 1890. 

Government of India. 

„ Quarterly Indian Army List for July ist, 1890. New series. No. 4. 8° Calcutta, 
1890, Government of India. 

„ Selections from the Records of the Government of India, Fon* .jn Department. 

Nos. 370-271, Fisc. Calcutta, 1890. Foreign Department. 

Madras. — A manual of the Kurnool district in the Prc.sidcncy of Madras, By Nara- 
hari Gopalakristnamah Chetty. 8^ Madras, 1886 

Madras Government. 

„ A manual of the Nilagiri district in the Madras Presidency. By H. B. Grigg. 

b® Madras, i88a Government of Madras. 

„ A manual of the North Arcot district in the Presidency of Madras. By 

Arthur F, Cox. 8® Madras, 1881. Government of Madras. 

m A manual of the Salem district in the Presidency of Madras, By H. Lc Fanu. 

Vols. I— 11 . 8® Madras, 1883. Government op Madras. 

» A manual of the Tinnevelly district in the Presidency of Madras. By 
A. J. Stuart. 8® Madras, 1879. Government op Madras. 

I, Malabar. By William Logan. Vols. I— II. 8“ Madras, 1887. 

Government of Madras. 

M Manual of the Coimbatore district in the Presidency of Madras. By 
F. A. Nicholson. 8® Madras, 1887. Government op Madras. 

n The Ganjam District Manual. By T, J. Maltby. 8® Madras, ibSa. 

Government op Madras. 

29 
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TiiUspf Boohs* Bonon, 

Madras.-- R eport on the M^ical Topography and Statistics of the Provinces of MalaUr 
and Canara. Compiled from the records of the Medical Board Oflke. 
6 ® Madras, 1844, Dr. Will. Kino. 


TRANSACTIONS, PROCEEDINGS, &c. OF SOCIETIES, SURVEYS, &c. 


Adblaidk.— Transactions and Proceedings and Report of the Royal Society of Sooth 
Australia. Vd. XII. 8® Adelaide, 1889. Thb Society. 

Baltimore-— American Chemical Journal. Vol, XU, No. 7. 8^ Baltimore, 189a 

Johns Hopkins University. 
„ Johns Hopkins Univ'ersity Circulars. Vol. VII, Nos. 66-67, VIII, No. 68, 

and Vol. IX, Nos. 81-82. 4® BakimtM^, 1888 and i8go. 

The University. 

Batavia.— Nederlandsch-Indisch Plakaatboek, 1602-1811. Door j. A. Van der Chijs. 

Deel VII, 1755-1764- 8 ^ Batavia, 1890. Batavian Society. 

’ „ Notulen van het Bataviaasch Genootschap van kunsten en Wetenschappen. 

Deel XXVIII, Afl. 1. 8“ Batavia, 1890. Batavian Society. 

„ . Tijdschrlft voor tndische Taal-I^nd-en Volkenkunde. Deel XXX IV, Afl. 1. 

8® Batavia, 1890. Batavian Society. 

Berlin.— Abhandlungen der K 5 niglich Preussischen geologischen I^ndesanstali. 

Neue Folge, heft 1. 8® Berlin, i88g. Thb Institi/tb. 

„ Abhandlungen lur Geologischen Spedalkarte von Preussen und den Thurin- 
gischen Staaten. Band X, heft 2. 8® Berlin, 1890. The Institute. 
„ Zeitschrift der Deutschen geologischen Gesellscbaft. Band XLl, heft 4. 

8® Berlin, 1890. German Geological Society. 

Bombay.— Journal of the Bombay Natural History Society. Vol. V, Nos. 1-2. 8® Bom- 
bay, 1890. The Society. 

Breslau.— Jahres-Bericht der Schlesischen Gesellschaft fiir vaterlandische Cultur. No. 

LXVII, 8® Breslau, 1890. Bre.slau Society. 

Brussels. — Bulletin de la Soci6t6 Royale Beige dc Geographic. Ann^e XIV, No. 2. 

8* Bruxelles, 1890, Thb Society. 

Budapest. — Termeszetrajzi Fuzetek. Vol. XIII, No, i. 8® Budapest, 1890. 

Hungarian National Museum. 


CALCUTTA.-^ArchaeofogiSal Survey of India. South -1 ndian Inscriptions, Tamil and 
Sanskrit. Edited and translated by E. Hultzsch, Vol. L 4* Madras, 
1890, The Survey. 

„ Eptgraphia Indica and Record of the Archaeological Surrey of India. 

Part V. 4® Calcutta, 1889. Survey. 

„ Indian Museum Notes. Vol. I, No. 4. 8* Calcutta, iS90« | 

InoIan Museum. 

^ Journal of the Agricultural and Horticultural Society of Jindia. New 
series, Vol. VIII, pt. 4. 8® Calcutta, 1890. THE Society. 

„ Journal of the Asiatic Society of Bengal. New series, Voh LVIH, pt* 
Supplement; pt, II, No. 5; and Vol. LIX, pt. Hr No. a. 8® Cal- 
cutta, iSro. Th* Society. 
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Additions to the Library, 


part 4*] 

Titln (yf Boohs. Donors. 

of the Asiatic Society of Bengal, Nos. Ill— V. 8® Calcutta, 

tSgo, The Society. 

Records of tJie Geological Survey of India. Vol. XXI 1 1 , pt. 3. 8° Calcutta, 
*890. Gbolooical Survey op India. 

Survey of India Department. Notes for June to August 1890. Fhc. 
Calcutta, 1890. Survey op India* 

CAifBRiO<}a» Mass.— B ulletin of the Museum of Comparative Zoology. Vol. XVI, No. 9, 
Vol, XIX, No. 4, and Vol. XX, No. 1. 8*" Cambridge, Mass., 
*890, The Museum. 

„ Memoirs of the Museum of Comparative Zoology. Vol. XVI, 

No. 3. 4® Cambridge, Mass., 1889. The Museum. 

CnRisriANiA*— GeodStische Arbeiten. Heft 6-7. 4® Christiania, 1888 and 1890. 

Norwegun Commission. 

Cincinnati. — Journal of the Cincinnati Society of Natural History. Voi XII, No. 4. 

8** Cincinnati, 1890. The Society. 

Uehra Dus.— Account of the operations of the Great Trigonometrical Survey of India. 

Vol. XI. 4® Debra Dun, 1890. Survfy op India. 

Edinburgh.— Scottish Geographical Magazine. Vol. VI, Nos. 6-9. 8® Edinburgh, 
1890. The Society. 

„ Transacliowa of the Edinburgh Geological Society. Vol. VI, pt. 1. 8® 
Edinburgh, 1890. The Society. 

Gi»\soow.— Glasgow University Calendar for 1890-91. 8® Glasgow, 1890. 

Glasgow University. 

Gottingen.— Nachrich ten von der Konigl.Gesellsfichaft der Wissenschaften. 1889. 8® 
Gottingen, 1889. Gottingen Society. 

Harrisburg,— Geological Survey of Pennsylvania, Atlas, Southern Anthracite Field, 
part II, A. A. ; Atlas, Northern Anthracite Field, pait V, A A. ; Atlas, 
Eastern Middle Anthracite Field, part HI, A. A 8® Harrisburg, 
1889, Geol Survey, Pennsylvania. 

Konigsbero.— S chriften der Physikalisch Okonomischen Gescllschaft. Jahrg. XXX 
(1889). 4® Konigsberg, 1890. K6 nigsberg Society. 

Lfidk.— A nnalcs de I'fecole Poljtechniquc de Delft. Tome V, livr 3-4 4® Lcide, 1890. 

EcoLB PoLYTECHNIftUE. 

Lisbon.— Commission des Travaux Gdologiques du Portugal. Description de la Faiinc 
Jurassique du Portugal. Embranchement des Echinodermes par P. 
de Ixiriol. Fasc. I. 4® Lisbonne, 1890. Geol. Survey, Portugal. 

London*—- JoumaJ of the Society of Arts Vul. XXXVIH Nos. 1958-1971. 8® 
London, 1890. Th^ Society. 

» Proceedings of the Rpjal Geographical Soc * ty. New senes, Vol. XII, Nw*. 

6-7. S° London, 1890. The Society. 

»i Proceedings of the Royal Society. Vol. XLVII, Nos. 289-291. 8® London, 
1890* Tub Society. 

» Proceedings of the Zoological Society of London. Part IV (1889) and part 
I (tepo). 8® London, 1890. The Society. 

»f Transactions of the Zoological Society of London. VoL XII, pt. lo. 4** 
London, 1890, The Society, 
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Records of the Geological Survey of India. [VOt. XXirr, 


Titles of Boohs, Bonon, 

LottJ>oK.*-Quarterly Journal of the Geological Society* Vol* XLVI> No, i8a. Lon. 

don, 1890, Thb Society. 

,9 Bay Society, Cameron, Peter.-^A monograph of the British Phytophagous 
j Hymenoptera. Vol. Iff. 8® London, 1890, 

Madras.— Government Central Museum, Madras. Catalogtie of Minerals, Ores, and 
Rocks; with a note on meteorites, of which the fall in Southern India 
has been recorded. 8® Madras, 1890, Madras Museum. 

Madrid*— Boletin de la Socledad Geograhea de Madrid. Tomo XXVIII, Nos. 4^, 

8® Madrid, 1890. The Society. 

Mamchsstbr. — Transaaions of the Manchester Geological Society. Vol. XX, Nos 
18-19. 8® Manchester, i8go. The Society’ 

Mblbovrmb* — Annual report of the Secretary for Mines dunng 1889. Fisc. Melbourne, 
1890. Mining Department, Victoria. 

„ Reports and Statistics of the Mining Department for the quarter ending 

31st March 1890. Fisc. Melbourne, 1890. 

Mining Department, Victoria. 
„ Prodromus of the Zoology of Victoria. By F. McCoy. Decade XX. 

8® Melbourne, 1890* The Victorian Government. 

„ Transactions of the Royal Society of Victoria. Vol. I, pt. 2. 4® 

Melbourne, 1S89* The Society. 

Moscow.— Bulletin de la Socidt£ Impdriale des Naturalistes. Nouvelle sdrie, Tome III, 

No. 4; and IV, No. i. 8® Moscou, 1890. The Society, 

Munich.— Abhandhungen der Mathematisch-physikalischen classe der k. b. Akademic 
der Wissenschaften. Band XVII, Ablh. i* 4® Munchen, 1889. 

Royal Bavarian Academy. 

„ Sitzongsbcnchte der Mathcmatisch-physikalischen classe der k. b. Akademic 
der Vi^issenschaften. 1888, heft III ; 1889, heft I-ll. 8® Munchen, 1889. 

Royal Bavarian Academy. 

New Yore.— Annals of the New York Academy of Sciences. Vol. V, Nos. 1-3. 8® 
New York, 1889. The Academy. 

„ Transactions of the New York Academy of Sciences. Vol. IX, Nos. 1-2. 

8® New York, 1890. The Academy. 

Parts.— Annalcs des Mines. 8** sdrie. Tome XVII, livr. i. 8® Paris, 1890. 

Mining Department, Paris. 

„ Bulletin de la Soci^t6 G^logfkjue de France. 3** s^rie, Tome XVI I Ii Nos. 

2-3* 8® Paris, 1890. The Society. 

^ Mtooires de la Soci^t 4 Gdologique de France. s^e,Tome XV, No. 3 . 4 ° 


Paris, 1890. 


Phe Society, 


^ M^nolres de la Soc’iiti G^lopque de France. Pal^ontok^e. Tome I, fa^- *• 
4® Paris, 1890. ^he Society. 

„ Compte Rendn desS^ancee de la Socidtj de Geographic. Nos. 

1890. The Society. 

Piiii.aDBi.eHtA.— Journal of the Franklin Institute. 3rd series, Vol. XC|X, No. 6, s,nd 
Vol. C, Nos. 1-2. 8® Philadelphia, 1890. The Institutb. 

„ Proceedings of the Acadttny of Natural Sciences* Part 1 . 8® 

dclphia, 1890. The Acaoemt. 
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part 4.] 


Addtliofis to t/ig 


TitUt «/ Bookt. 


str v„u,rr n^; 

R0H>.-AtU detu Reale Accademia dei Lincei Serie IV o Soc«tt, 

S.i.B«.-B«IIMii>o(ll»E.i»xlMii«=. VoUXXl.Nos. ,«.„. $• 

.he Chi„B ^B„.h 0 . .te R„,., A,i.,ic Wy. 1 “' 
frl X 5hangh^a«^,^,884. 1887. 

Stockholm.— Liste Syst&n^que des publications de I’ Institut Royal G6jlogiqu”de 
Su6de. 1862-1890. 8° Pam. Stockholm. .890. de 

- . _ , Gbological Survey, Swbdbh. 

” Svmges feol^ska Under»kning. Ser. A. a. Nos. 84, 100, 103-107 ■ 

. B. b. No. 6; Ser. C. Nos. 93.98, 100, loi, 103-ni, 1 13-11/ 
With maps. 8° Stockholm, 1888-1890. ".113115. 

Geological Survey, Sweden-. 

,. Swiges GeoJogiska UndersSkning. Ser. B. b. No. 4; and ser. C 
Nos, 92, 99, and 102, 4.® Stockholm, 1888-18S9. 

Gbological Survey, Sweden, 

St. Petersburg.— B ulletins du Comity Geologique. Vol. VI 11 Nos 6-fn 99 Cf 
P^tcrsbourg, 1889-1890. " ’ • o ot. 

Geological Comminsicv St. Pbtbrsburo. 

„ M6moires du Comity Gdologique. Vol. IX, N. I. and XI No . 

4® St. Pt’^tersbourg, 1889. 

GeoLOGIGAL CoMMISS-ON-, St. PBTER.SflURQ. 

SlUTTGART. -Jahrcshefte des Vereins fur vatcrlandische Naturkunde in Wurttembero- 
Jahrg. XLVI. 8° Stuttgart, 1890. 

Sydney.— A nnual report of the Department of Mines, New South W.iles. for 1880. 

Fisc. Sjdney, 1890. DEPARrMEsr op Mines, N. S. Wales 

CaUlogue of the Australian Birds in the Australian Museum at Sydney, 
New South Wales. Part II. Striges. 8° Sydnes, 1890. 

^ Australian* Museum. 

M Ouiae to the contents of the Australian Museum. 8° Sydney, 1B90, 

Australian Museum. 

» Records of the Australian Museum, Vol. i, No. 3. 8® Sydney, iSqo. 

Australian Museum. 

»> Supplement to the cattilogue of the Australian Accipitres or Diurnal Birds of 

Prey in the collection of the Australian Museum at Sydney, New South 
Wales, By E. P. Ramsay. 8® Sydney, 1890. Australian Museum. 

»* Journal and Proceedings of the Royal Society of New South Wales, Vol. 

XXin» pt, 2. 8® Sydney, 1889. Xh* Society. 
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Rgtords qfihe Sutvey [voi« Xxiii. 


mu$0/BMM. ihmrs, 

Sro^TEV**— Mcinoira ol th^ -Geological Survey erf New South Wake. Patamtoiogy, 
Nos. 3-4* 4® Sy<i«ey„ 1690. 

GaoLOGicAt SuRVBY^ Nbw South Walmm, 
M Proceedings of the Linnean Society of New South Wales* and series, VoL V, 
pt* 1. Sydney, 1890* Tat SpciSTY. 

Timiir.^Atti detia R. Accademia delle Sderure di Torino. Vol* XXV, disp. it-ta. 

8® Torino, 1889^ Thb Acadsmt. 

Vbmjcb.-^AUi del Reale Istituto Veneto di Sdenze, Lettere ed Arti. Serie 7, Tomo 1 , 
disp. 3-9. 8® Venezia, 1889-90. Ths Imstitutb. 

'^iSNKA><-«Abhandlungen der K. K. geologischen ReichsanstalU Band XIll, belt ], 
and XV, heft i. Wien, 1889. 

IMPBRIAI. GkOLOOICAL InSTITUTB, WlBN. 

M Jahrbuch der Kais. Kdnig. geologischen Reichsanstalt, Band XXX IX, heft 
3-4^ 8® Wien, 1889. Imperial Grological I nstitvtb, Vienna, 
„ Verhandlungen dgr. K. K. geolc^ischen Reichsanstalt. Nos. 6-9, 8® Vienna 

1890, Imperial Geological Institute 

Washington.— 'Annual report of the Smithsonian Institution. 1886, part a ; and 1887, 
pts. I and 2. 8® Washington, 1889. Smithsonian Institution 
„ Smithsonian Contributions to Knowledge. Voh XXVI, 8® Wash- 
es ington, 1S90. SMr^HSoNiAN Institution. 

„ Memoirs of the National Academy of Sciences. Vol. IV, pt. 2* 4® 

Washington, 1889. National Academy, Washington, 

„ Report of the Director of the Mint upon the production of the precious 

metals in the U. S. during 1889. 8® Washington, 1890. .. 

United States Mint, 

Wellington, — ^T ransactions and Proceedings of the New Zealand Institute. VoJ. 

^ XXII, 1889. 8® Wellington, 1890, The Ini^Pitute. 

VoEOHAMA*— Mittheilungen der Deutschen Gcsellschaft fur Nator und Vdlkerkunde 
Ostasiens. Heft 44. Fisc. Yokohama, 1890. 

German Society, Yokohama. 


joth OcioBtr t8go^ 


Gomemtst of |»4ta CtnlrAl bating tS |> 0. Sorter.— 


34 




